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TRAINING MANUAL IN TOPOGRAPHY, MAP READING, 
AND RECONNAISSANCE. 



LESSON I. 

TQFOGBAPHY. 



1. So important is the influence of ^^ihe lay of the land^' upon mUir- 
tary operations that every officer must thoroughly acquaint himself 
at the earliest practicable moment with the topography of the area 
within which his responsibiUties he. 

2. A mere knowledge of the main roads, of the direction and dis- 
tances to near-by towns i^ by no mean^ sufficient. He must know 
where the plains are, lyhere tne hills ris^, how the streams run. He 
must Mve a mental pidurey a Hrd^s-eye view, impi^essed on his brain 
of the main physical and military features of his territory. 

9ROSION. 

3. The facultv for grasping the topography of an area as a whole is 
rarely a natural one. ** To the beffirmer^' m the study of topography 
^^ every hiH is an isolated jfeaiture — the elevations amd depressions of 
ground present to h4m nothftihg hut irregukbrity and confusionJ^ 

4. As a matter of fact, there is a considerable degree of regularity 
and system in our present-day ground forms. Whatever may have 
been the irregularity and confusion of ^e original surface of the earth, 
practically afl of the grmnd forms which we know to-danf are the resuU 
of erosum. 

5. It has been estimated that th4 average eleval^on of the land 
surface has been reduced 7,000 feet by erosion. 'Winds and waves, 
glacienB, chemical action, frost, and plant growth have all had their 
part in the breaking up and wearing down of t&e original rocks, but 
oy far the larger portion of the gr&andfarm^ which exist to-day have 
been carved out of the older formations by the action of running 
water. 

MA3TBK MNBS OF TOPOGRAPHY. 

6. Not all the water in heavy rains can seep into the soil- much of 
it runs off. At one point a Uttle stream begins; as it flows downward 
another joins it; soon several \mite into a fair-sized creek, which 
rushes along carrying its burden of soil into the main valley, whence 
the river may carry it on toward the sea. This simple process con- 
tinued for ages has sufficed to carve out our deepest valleys. It is con- 
tinxdng to deepen them year by year., and more and more to wear 
down the ridges between the valleys. 

7. If our remaining ground forms are the result of such a process, 
it is manifest that the drainage lines of an area, together with the 
ridge lines, form a system of master lines which, once traced out and 
studied, will give a grasp of the main features of the topography 
that can be had in no otner way. 
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TOPOGBAPHY^ MAP READING^ AND BfiCONNAISSAHTOE. 



PRACTICE WORK. 



21. Figures VI, VII and VIII are sketches giving the drainage 
net and critical points of three areas in the vicinity ot Fort Leaven- 
worth, Kans. The instructor will require each member of the class 
to trace these skeletons one at a time and to draw in the contours 
following the sjrstematic method heretofore described. 

There can be no better training for one who is studying topography, 
sketching, or map reading. Not imtil one can complete a sKeleton 
such as these, with great readiness, is he able to take up the reading 
of or sketching of topography. it is not considered desirable for 
anyone to take up the study of Lesson III until he has mastered 




MISTAKES IN DRAWING CONTOURS 
FIGURE V 

"lo^cal contouring." It may be necessary, therefore, to devote an 
additional lesson period to practice in drawing contours. 

LESSON m. 

SKETCHING. 

22. The instruments issued bv the Engineer Department for sketch- 
ing are based on the plane-table method. They are simple. Skill 
in their use can not, of course, be acquired without practice, but one 
can begin to use them with very little preliminary instruction. 

It is the beginner's lack of a general plan of operations, his lack 
of appreciation of the essentiab,nis waste of effort and patience on 
the nonessentials, that make sketching the h^te noire of a soldier's 
training, rather than the admitted inaccuracy of hand instruments 
'*nd his lack of skill in their use. 
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DRAW 10-FT. CONTOURS ON THE ABOVE SKETCH 
LOWEST CONTOUR 790 

FfGURE VI 
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TOPOORAPHY, MAP READING^ AND BECOKNAIBaAKOE. 



The foflowin^ plsn of oj>eratwn8y if adhered to, wiU produce good 
work. It wouul be well if the instructor could select an area and 
lead his dass around and through it as described, explaining the text 
to them as they proceed from point to point. The first step to be 
taken is to prepare a skeleton oi the area entirely similar to those 
shown in Figures I, V, VI, VII, and VIII. The next step is to draw 
the contours axid finish the sketch in all of its details. 




880 



780 



642 860 



DRAW 20-FT CONTOURS ON THE ABOVE SKETCH 
LOWEST CONTOUR 780 



FIGURE VII 

PREPARATION OF THE SKELETON SKETCH. 

23. We have learned from our practice in drawing contours what 
lines and what points are essential on the skeleton. The problem 
now is how best can these be located. It would not do, of course, 
to attempt to traverse out every stream system aild every watershed 
to its minute details. This would take forever, and would be con- 
trary to the first principle of all mapping, which is to treat the area 
as a unit; * 'proceed from the whole to the part." There are several 
good methoas of procedure, but most of those usually explained are 
for the use of the man who has already become a good sketcher. The 



TOPOGRAPHY, MAP READING, AND BECONNAISSANCJB. 



18 



fdlUywing method is for the beginner. It may be modified as he- 
becomes more expert. 

24. First, traverse around the area, returning to the point of begin- 
ning. In traversing, locate — 

(a) Every drainage line crossed or which runs along generallv 
parallel to the line of the traverse and note the direction m which 
the stream flows (or the dry creek drains). This is absolutely neces- 
sary. 

0)) Every house or other easily identified feature near the road, 
which will enable the sketcher later to identify himself on the sketch. 



930 



640x 



780 




DRAW 20-FT. CONTOURS ON THE ABOVE SKETCH 
IjOWQST CONTOUR 78b 



FiaURE VIII 

(c) The high points between drainage lines, i. e., the point on the 
ridge line where the traverse crosses the ridge line and a point ox 
so on each side of the traverse on the ridge to locate the ridge line 
as well as may be possible. 

(d) Determine the elevations of aHof these points. Do not draw any 
contours yet. Even the experienced sketcher should be slow to put 
in contours until he has reconnoitered enough of the area to pin 
down the drainage system* lie must wait untU he has seen enough of 
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,the country to Jcnov) hnv the hig features lie. The little ones will take 
care of themselves later as the work progresses. 

25. Second, adjust the traverse. When in the circuit traverse the 
sketcher has reached a point from which the point of b^inning can 
be seen, it will be found that when the instrument is oriented the 
ray to the point of beginning on the ground will not pass directly 
through the point of beginning as plotted on the paper. This is to 
be expected. K the error in direction is not out more than a degree, 
let it go at that for the time being and pace the distance to the point 
of beginning. Lay this distance off on the ray as actually drawn. 

There wiU he an error of closure. If there has been no opportunity 
to check orientation or distance in the circuit, it will be good work 
if the closing error is not greater than 5 per cent of the entire length 
of the traverse. Providing the error in direction can not be accounted 
for by heal attraction at any pointy nor the error in distance by incor- 
red plotting of any course, distribute the error by moving points of 
traverse. 

26. It will not be necessary to go into refinements in this adjust- 
ment. Move the last point up to the point of beginning; the next 
to last point but one in the same direction but a lesser distance, etc. 
Be sure in doing this that no two courses have a plotted angle between 
them which differs noticeably from the actual angle on the ground; other- 
wise your sTcetch wiU mislead some one. The sketch must have no 
misleadina errors. It will have errors, but they must not be those 
which will mislead. 

27. Tbird, traverse throngh the area. The sketcher has now been 
around the area. He has located all the water tha>t flows into the 
area and all that jfiows out. He has tied down his drainage system 

Sretty well. He will have noted the relative size of the streams or 
rainage lines and their elevations and this will give hun a good 
idea as to which ones are the Tnain drainage lines of the areas. He 
must now find out h/)w these drainage lines connect up inside his 
area. In open country he may be able to locate the stream junc- 
tions in the interior by intersections from the traverse. Ordinarily, 
however, these stream jtmctions are hidden by tree growth or folds 
of the grotmd. It never does in sketching (at least for a beginner 
and selaom for an experienced man) to guess how the drainage runs 
through the area. There is no royal road to stream junctions. 

If the sketch is to be a truthful report of a topographic reconnais- 
sance, the sketcher must make the reconnaissance. Let him tra>ver8e 
into the interior and find out what is there. 

Here is where the bad Tnisleading mistakes of the sTcetch made by an 
untrained Tnan are apt to he made. Contrary to all advice he has 
probably attempted to contour as he went along. He has drawn 
m a number of groimd forms as they appeared to him as he went 
along on his circuit traverse. These forms are usually exaggerated 
in size. Every hiM holes big when one is on top of %t. His forms 
therefore project into his area much farther than they should. When 
he gets inside, he must either rub them all out or change his drainage 
lines, which he finds by reconnaissance to be thus and so to so and 
thus to correspond to his badly built groimd. The result is worse than 
useless; it win deceive the user of the sketch. 

28. The mam,ner in which the drainage connects up inside the area 
can only be found by going into the area and contouring must wait on 
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this iofonnation. In entering the area follow a road or trail (the 
location of such features are needed anyway) and the sketcher 
traverses as he goes. One traverse across the area may not be enough ; 
usually will not be enough, though if the line followed is well con- 
sidered, short offset traverses from the cross traverse will serve to 
locate the rnmn dramage lilies of a small area Gess than a square mile). 

In these cross tra/verses it is sometimes best to follow the main 
vdUey and soinetimes best to follow the ridges. The knowledge of 
the area as gained by the circuit traverse will hdlp determine which 
is the easiest route to traverse to get the strecmi junctions and ridge 
line points needed. But any line at all will do if one is careful to 
run as accurate a traverse as he can and remembers what he is look- 
ing for. He must never run a haphazard traverse and be satisfied 
with the information found along it. 

He must get off the line by offsets if necessary to get vital informa- 
tion such at stream jimctions and stream heads or spur directions. 

The beginner should never leave his instrument on the line of 
traverse and wander off to see what he can see. If he does he will 
plot it wrong wh^i he gets back. He must pick up the instrument 
and take it with him, traversirig as he goes. He may find a gold mine 
in the way of an outlook which will open up the entire countryside 
to his view and enable him to check back and insure his orientation 
and distance. 

29. Fourth, adjust. Now the student has been around his area 
and has been inside and searched out and located his stream junctions 
and ridae lines. He has a skeleton much like the ones he Tias con- 
toured by interpolation. But unless he has been adjusting his ele- 
vations all the time he will have some very peculiar level data. 
He wiU find that a stream which is 200 feet high on entering his area 
and 150 feet high as it leaves, has a most unaccoimtable elevation 
of 148 feet in the interior of his area. He wiU also have found on 
his first circuit that the elevations did not close and he will have ad- 
justed this by dropping back. In other words, as he arrives on his 
circuit at the point where he began, he will find that he is 20 feet 
above the proper elevation. This is not bad if his circuit has been 
long. It is to be expected with a clinometer. Of course, he accepts 
the elevation of the point of beginning as correct; changes the last 
station by 15 feet, the next to the last but one by 10 feet, the next 
to the last but two by 5 feet, and leaves the rest as they are, or he 
may carry the distribution of the error down a little finer by taking 
in more stations and making the change more gradually, but any 
reasonable adjustment is all right, providing, of course, he main- 
tains elevations within sight of each other relatwely correct. 

He must not in his adjustment make a stream deep where it is 
shaUcyo) or vice versa ncrr must he change a hoUow to a nse. Similarly 
he must adjust his cross lines. When he crosses a stream line, two 

Eoints of which he has already located in his circuit traverse, he must 
now that he should get an elevation of his crossing point correspond- 
ing to the relative distances to the two points already determiaed 
(unless there is in between some feature such as a waterfall or rapids 
or a dam . These things wiU discover themselves if the sketcher is on 
the lookout for them). 
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30. The reconnaissance sketchar has few, if any, points located 
for him with precision. He must, therefore,- iise all of nis knowledge 
of ^onnd, of water flow, of railroad grades, etc., to keep his work 
logical and consistent. He must know that large rivers do not fall 
more than a few inches to the mile (niiless full of rapids) ; that within 
the area likely to be covered by a reconnaissance the rail of a lar^e river 
will be so little as to be not readily ascertainable with reconnaissance 
instrumOTLts. He must know that any water-carrying drainage line 
(that is one carrying water the year aroimd) is apt to have a lesser 
fall than a dry gully in the same vicinity and his acc[uaintance with 
the region being sketched will (if he observes) give him some idea as 
to the approximate fall per mUe. He must kno-W- that as a reason- 
ably true proposition tributaries have a greater fall than main water 
hnes. His work must be continualljr required to answer such tests. 
If it does not he must be ready to give the reason. 

! • CONTOURING THE SKELETON. 

31. It is assupaed that the student has now a logically correct 
skeleton of the drainage system and ridge lines. He must, of course, 
be sure that he has in all the roads and trails of militarv importance. 
He must not show these connecting up and running through unless 
he knows they connect up or run through and where they connect 
up and rim. He must always remember that he is maldng a recon- 
naissance and reporting the result of his reconnai^ance, not filling 
up inches on his sheet with conjectures. He must leave a blank u 
Tie does not Tcnow. The student' should now take tlus skeleton and 
contour it without going back over the cpuntry. (i hear the objec- 
tion, ^'I thought you should not draw what you do not see or can 
not remember. I thought one should never sketch in contours except 
in the face of facts.") Well enough, for the man who can do this, 
but the reconnaissance sketcber must learn. He can not follow the 
methods of the experts at once. By requiring him to contour his 
sketch, the data of which is incomplete, as of course it will be with the 
beginner, he will find out what essential data he has left out. He 
will find that he forgot to get the elevation of a hUl, or the direction 
line of a ridge or a stream junction; he will hp-ve forgotten whether 
a certain stream had banks 10 feet high pr 50 feet high; he will find 
that he left out the direction of the flow of a certain stream, and for 
the hfe of him will not be able to rememfcer which way it did flow. 
All of this wiU teach him to put down his data in sufficient fullness 
so that he will be able to contour correctly from the data on his sheet, 
at least as correctly as the time spent on his reconnaissance will 
justify. 

32. After the beginner has done a number of area sketches in this 
wav he will have arrived at the time when he can sketch in form hnes 
as he goes along (hghtly, because they will be later rubbed out) and 
later can, after ne has covered enough of the area to fiuid the trend of 
the big features, complete his work as he goes along. But all of this 
presupposes that he has become so expert in his traversing that he 
will need to do Uttle adjusting and that his eye for ground has devel- 
oped to the point where he can see the forms and knows how to 
represent them on paper. Even then he will be tripped up occa- 
sionally and be obliged to rub out much work if he begins to contour 
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too early. One can contour as he goes along if he is yrorking with 
accurate instuments and is sure that no adjustment will be needed 
later, but when working with reconnaissance instruments he is very 
apt to get into trouble. 

LESSON IV. 

33. In Lesson III there was described as fully as possible the 
procedure to be followed by a beginner in execu.ting.au i^rea sketch. 
This procedure was given before the instrumeate ^d the technique 
of their use were described for two reasons: 

Firet. It was felt that many of the officers and men. under instmCr 
tion will have had m'eyious experience in the use of sketching instru'*' 
ments and that, therefore, they should proceed in the third lesson 
period as outlined. 

Second. As the main purpose of this manual is not to teach the 
use of auy particular set of instruments, but rather to teach tiae prin- 
ciples of topography, it was believed that the dry detail about instru- 
ments, scales, etc., might well wait imtil the class had absorbed a 
proper idea of what a contoured sketch is and whgat the procedure 
m learning to make one should be. . 

FIELD SK£T^:flSNG INSTRUMENTS AND THKIR USB. 

34. The Sngioeer Department has designed a standard field 
sketching outfit, based solely upon the plane table method of skeldbdng. 
The entire outfit packs conveniently into a carrying case.^ The Stup- 
phe^ which are .expendable, consist of pencils, erasers^ sketching 
paper, a^d celluloid. The celluloid is for use in the rain. The ] 
manent equipment consist^ of a sm^ill plad^e table with:fo' 
wooden tripod, a service clinometer, a pace tally, an alidade^peiica} 
pocket, which pins onto the service coat, and a holder for^ carrying 
timipg pad in mounted work. 

. rilB AUDADE. f - 

35. The ahdade supplied is used for three purposes: (1) To deter- 
mine differences in elevation from the scales of slopes provided; (2) 
for use as a sighting vane; (3) for use as a measuring (scale, there 
being provided in addition to the scale of inches, blank spaces tot 
pasting on individual scales of double paces, etc. 

SCALE OF STIUDES. . 

36., Before proceeding to sketch it is of course essentjLal for eadji 
sketciier to secure or construct a working sc^,le. If the work is to 
be done dismounted the scale should be in strides (double paces), 
To pt-eparq a scale of yoiir strides for a sketch which is to be made 
6 inches equal I mile, proceed as follows: . 

Measure off a rating course of 1 mile, f mile, oj i mile. The longer 
the course the better. It should be over average ground (up aa;id 
down hill) similar to that which is to be sketched and shomd b^ 
carefully measured. Walk this course both ways several times, 
counting strides with the pace tally. Take the average for this dis- 
tance and f roDOL it find the number of strides to 1 mile. Sa^y the 
69496^— 17-A— 2 
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iimnber of strides for 1 mile is 1,048. The scale of the sketch is to 
be 6 inches equals 1 mile, therefore 6 inches on the map wpl represent 
1,048 of your strides. If you divide 6 by 1,048 you will have the 
scale length for one stride. . It is too small a division to be useful, 
so multiply by 100 and find iMigtli for 100 strides is 0.57 inch. Pages 
69 and 70 show working scales for the ordinary range of topographic 
sketches. . . ; 

With a scale of fequal parts (one reading inches and tenths will do) 
lay off as naany divisions ios y6u may desire in your scale. Each of 
the divisions wiU represent 100 of your strides. Divide the left 
division into 10 eoual parts with your eye. Each of these wiH then 
be 10 of your striaes. No smaller distance can be well measured off 
on your sketch. 

. SI>pPE SCALES. 

37. The alidade^ as has been mentioned, in addition to the blank 
sjbacek for the individual stride scales, is provided with slope scales. 
(These are sometimes called map distance scales, which is confusing.) 
These scales are used in sketching, in connection with the clinometer, 
to find the differences in elevation between two points, the vertical 
angle from one to the other haviog been re&d by the clinometer. 

The slope scales give results which are sufficiently accurate for 
sketching purposes. They are not reliable for angles greater than 1 5° 

. Eaeh interval on the slope scale represents the distance on the sketch 
{•scale 6 inches to the mile) corresponding to a rise of 10 feet for the 
slope gjven. Working on a" 6-inch scale, therefore, the method of 
determining the difference in elevation betweeti two points- is as 
follows: Sroto the point of known elevation, read the slope to the 
point? the elevation of which is to be determined. Say, it is 3®. Pace 
to the'sedoiid point to find the distance and plot the distance. Look 
on your alidade for the slope scale of 3*^. (The figure representing 
the slope is engraved at the midpoint of the interval for that slope.) 
Apply the slope interval for 3^ to the plotted distance and find out 
how many times thi^ interval is contained in the plotted distance. 
Multiply this number and fraction (there will usually be a fraction^ 
which must, of course, be estimated) by 10 feet and the result is the 
difference in elevation. Siimilarly, for other clinometer reading^, 
take the slope interval corresponding to the clinometer reading ana 
find out how many times it is contained in the plotted distance, and 
then multiply by 10 feet. 

, 38. This same slope scale may be used for any scale, proviijing 
that instead of multiplyirig the number of intervals and fractions 
lihereof by 10, we multiply hj the rise for that scale. The rise for 
any given scale is found by dividing 60 by the number of inches which 
represents the mile. For instance, the rise for a 3 inch to the mile 
scale is 60/3, or 20 feet; for 4 inches to the mile scale it is 60/4, or 15 
feet; for § inch to the mile scale, 60/ J, or 120 feet. The method is 
th^ same, the slope scale is the same, no mattef what the scale. ^ The 
onljr thing that changes is the rise per interval, and this rise per inter- 
valis found as indicated above. 

. 39. It will occur to the instructor or to some of the sketchers that 
to hunt around the alidade for the slope scale corresponding to a 
particular clinometer reading is rather a nuisance, and so it is. 
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This difficulty may be obviated by constmcting '^ a scale of differ- 
ences" and pasting it on the blank space of the didade not used for 
the stride scale. It is cbnstrticted, marked, and used as follows: 

On a siritable piece of paper lay off a Kne; on this line lay off 
several intervals equal to the l-degree sl<^pe gcale interval. . These 
are about 0.65 inch each. Mark the division points, 10, 20, 30, 40, 
etc. Divide each interval into 10 parts (the lO-degree slope interval 
-will do this about correctly), cu,t and paste on alidade. If working 
on a scale of 6 inches to the mile, this difference scale is used, as foC 
lows: Read the vertical angle with the clinometer. Pace the dis- 
tance. Plot the distance. Say the clinometer read 1® exactly; 
apply the "scale of differences'; to the plotted distance between the 
pomts and read, off directlv the difference in elevation. If the 
clinometer, read 2i°, apply the scale as before, but multiply the .dif- 
ference in elevation as secured directly (which is that for a 1^ angle) 
by 2i° to secure the difference in i^leTation for a 2i° vertical angle. 
Tms same ^' scale of differences" may be used for any other scale in 
sketching by simply multiplying the result as above secured by the 
proper scale factor. The proper scale factor is found by dividing 
six by the number of inches to the mile in the scale being used. 
For a 3-inch scale, multiply by 6/3, or 2 ; if working on a 2-incn scale, 
multiply by 6/2, or 3. Such a scheme saves time and worry and is 
comparable in convenience to using a percentage clinometer and a 
per cent scale. 

It wiU be seen that the method simply makes universal use of the 
l-degree interval, instead of a different interval for each vertical 
angle. This is not too inacctirate for sketching use. ' 

Of course, if using another scale than 6' inches to the mile for any 
considerable amount of work, the "scale of differences" can be re- 
marked to correspond. That is, change the readings on scale by 
multiplying by 2 for a 3-inch scale, by 3 for a 2-inch scale, etc. 

SERVICE CLINOMETER. 

40. To use the clinometer, the observer sights the object through 
the peephole and, at the same time, sees the scale of degrees inside 
the rim. The red figures are minus (depression angles), the black 
ones plus (elevation angles) readings. The pendulum is allowed to 
swing freely by sUding back the bar and pressing the stop. The 
readmg, is taken when the desired point is sighted and the pendtdum 
has come to a rest. The pendul-um should not be stopped to take 
the reading as this may cusplace the scale. It is best to rest the 
instrument or the hands holdmg it ag-ainst a tree, fence, post, or other 
object while taking a reading. Theoreticallv th^ readmg should be 
made to a point about the same heiffht above the ground as the 
observer's eye. Actually this is very difficult to do and it is best to 
alwajrs read to the ground line and then, after ascertaining the differ- 
ence in devation, make allowance for the height of the eye above 
the groimd. The clinometer should be tested occasionally as fol- 
lows: Hold the instrument, stop uppermost, against a post or tree 
(point marked by a piece of paper pinned to it) and read to another 
point marked on another tree, 50 or 60 feet distant, and note 
tile readingv Rerrerse this operation eoid read from the second 
mark back to the &^t one and not6 reading. For example, the first 
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reading is minus 2°, the reading back is jdus 1°. Add the two 
readings and divide by 2 and you have the correct reading (li°) 
of the slope between the two points. The clinometer then reads 
i° too much on minus and i° too little on plus readings. Reading 
must be corrected accordingly. 

41. The sketching board is a simple board with a magnetic needle 
set in a trough in one edge. The needle is 3 inches long and quite 
sensitive. No plumb bob is provided, but a hole is accurately bored 
so that a plumb bob can be improvised and use made of the slope 
scale on the board in case the clinometer is lost. The plate on the 
back of the board is let in flush, so that the board can be turned freely 
on the tripod for orientation, and then firmly clamped by a sUgJit turn 
of the tnpod screw. As the tripod is not used in mounted work 
holes have been bored at the comers of the board for the insertion 
of a carrying cord if desired. 

TO ORIENT THE BOARD BY COMPASS. 

42. Set up the tripod with board loosely screwed onto it and 
level the board by eye by moving the tripod legs. Free the 
needle by turning the cam and then turn the board slowly around 
until the needle swings from side to side in the trough. Let 
the needle settle, turning the board as necessary so that the needle 
when settled lies directiy along the Jiorth and south line (the median 
line of the trough). Without changing the position of the board 
reach under and tighte» up the «crew of the tripod. Care must 
always be taken not to turn the tripod scre^ too tight, as the 
threads are hkely to be started by rough treatment. iSie board is 
now oriented. Draw a line parallel to the needle on the paper and 
mark the north end with a naif arrow. Above this write M, M. or 
N. (magnetic meridian or north). 

TO ORIENT THE BOARD BY BACK SIGHT. 

43: Having plotted (located and drawn in) a station and arrived 
at a point fartiier on to which you have sighted and drawn a line, 
set up the tripod and board, measure oflE the number Of strides taken 
between the two poiuts on your line and stick a pin in the point 
found. This is vour present position. Place your ruler against the 
pin and along the line between the two points and turn the board 
until the station jou have just come from is sighted. . Tighten up the 
tripod screw without moving the board and you are oriented. 
Verify this by reading the needle. 

TO LOCATE A ^OINT BY TRATERSING. 

44. By this is meant measuring the distance between two points, 
by coxmting strides, or time or travel required to pass from one to 
the other. The term traverse is applied to the route followed by the 
sketcher in making the sketch. Bemg at poilit A (whose position is 
plotted on your sketch), with board oriented, stick a pin in point A 
on the sketch. Lay alidade alonmde the pin and pivot it around 
imtU point B (the point to which you are to traverse) is sighted. 
Verify the position of the needle and then draw a ray toward B. 
Move to B^ counting strides with pace tally, and upon arrival set up 



TOPOGRAPHY, MAP READING, AND RECONNAISSANCE. 21 

the tripod, orientinff roughly by a back sight on A. (Do not waste 
any time on this.) Lay a ruler along the ray, zero of scale of strides 
at A, and lay off on tne'ray the number of strides that your tally 
rerister shows was taken between the two points. The point marked 
isB. 

TO LOCATE A POINT BY INTBRSECTTON. 

45. Assume that from point A, with your board oriented, you 
took a careful sight and drew a ray toward a church a few hundred 
yards oflf to the side* After arriviiig at B and plotting its position, 

Jou carefully orient the board. Pivot the ruler around the pin in 
\ imtil the church is sighted, then, verifying the position of the 
needle, draw a ray toward the church. The intersection of this ray 
and of the one you took from A is the sketch position of the church 

TO LOCATE BY RESECTION. 

46. This is determining the sketcher's position (the reverse of inter- 
section) by orienting the board and drawing rays toward himself 
from two or more pomts whose positions are ^eady determined and 
plotted. Having previouslj plotted the position of points AandB, 
the sketcher comes into his area later, at some pomt from which 
those two points can be seen. His present position is not yet deter- 
mined. To determine it, set up the board and carefully orient by 
compass, then stick pins in the sketch positions of A and B. Pivot 
the alidade on the sketch position of A, sight A, and draw a ray. Do 
the same with B. The intersection of the two lines is your position 

TO RESECT FROM THREE KNOWN POINTS. 

47. In the previous paragraph a method of resection from two 
known points was given. For this a needle orientation is necessary. 
At times local attraction may deflect the needle and the three-point 
resection may be useful. The simplest method is by use of a trans- 
parent or translucent paper (cellidoid will do splendidly). The 
process is as follows: Pm the paper on the board by thumb tacks. 
Stick a pin in it anywhere at a convenient point to represent your 
station (pay no attention to what may be on your sketch). Pivoting 
on the pm, draw, with great care, rays to each of three points which 
are in view and which also. appear on your sketch. Lift the paper 
off the board. You have on it three rays, which make with each 
other the proper angles, considered from your position. All you 
need now to do is to put the tracing paper over your sketch, and by 
looKng through to your sketch shift the paper imtil each ray passes 
throu^ the sketch representative of the ODJect to which this ray was 
drawn. As soon as each of the rays passes through its proper point 
(which will take a deal of fussing around the first time) you have it. 
Prick the point of intersection thn)ugh to your sketch and the pinhole 
will give you your platted position. This has been aU done without 
orienting the boara. If we wish to work from this station, the next 
step is to orient. This is dcMie by back sighting to one of the three 
objects. Remember, this is but a cut-and-try method. It may take 
considerable time. It may help much at times. 
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LESSQN V. 

48. The class by this tune has progressed to the point where a 
great majority know what to look for in making an area sketch and 
know how to use all of their sketching instnunents. It is now 
beheved essential, at the risk of some repetition, for the instructor 
to give a special talk on the technique of the sJcetcher^s tra/oerse, the 
detail whicn should be shown on the sketch, and a few hints which 
may make for clearness, 

TECHNIQUE OF A SKETCHER'S TRAVERSE. 

49. Set up the board at the point of beginning, station 1. Free 
the needle. Swing the board until the needle comes to a rest idong 
the median line of the declinator trough. The board is now oriented. 
Clamp the board by tightening the screw holding the board to the 
tripod. The bilhard-cloth coveFing of the tripod head will hold the 
board in position. Do not use an excess of force in cLamping. Plot 
a point (use a pin to pivot on) on the. paper to represent the point 
of beginning, rlace tne alidade on the board. Pivot it on the pin 
representing station 1. Sight along the line to be traversed to sta- 
tion 2. It IS advisable where possible to sight on some well-defined 
object, as a tree, fence, comer, etc. This is necessary when the 
course from 1 to 2 is short. If the course is a long one, and follows 
a well-marked road or trail, a sight along the mid Ene or edge of the 
road will serve. Draw the ray. Pencil should have a chisel point 
and should be held vertically so that the pencil line will follow edge 
of aUdade as closely as may be. Always see that needle is along mid 
line of declinator trough when ray is drawn. Put in heal data around 
station 1. Not necessarjr to draw ray^ to all points to be plotted. 
This fills up the sketch with lines. Point the aJid^xie at object, and 
having; ascertained the distajice to it by pacing or by estimating 
plot tne object in its proper place at once. Do not ptot any points 
ahead of station 1 along the line of traverse. Draw rays to weUrde/inedf 
easily %dentified distant objects, noting on the ray ike object to which 
drawn. 

A ray to these same objects, from anotheir point on the traverse 
will serve to locate the objects, and once located they will serve as 
excellent checks upon orientation or may serve to locate the instru- 
ment by resection when for some reason ; or, oth^r the location is 
otherwise unknown. The tendency with the beginner is to draw 
rays to everything in sight. . This i^ to be discouraged, as l^e loses 
much time in gettiug tbi ray^^-usually gets thei^i confused so that 
all are useless— and seldom is he abl^ to identify more than a very 
few of . the objects so sighted. Rea4 the clinometer, reading from 
station 1 to the objects sighted, noting the slppe on the ray. Bead Tie ] 
the clinometer to station 2 last of all. Most texts tell you to sight ogj 
at a point at station 2, wh^ch is the same distance above the ground oL 
as is yoiir eye in taking the sight. It is much better to pick out a I t^*J 
definite point to sight on. In pther words, sight at the top of the ss^ 
chimney of a distant house, the lower >vindow sill of a nearby house, 
the base of a tree, or, failing ai^ything efee, the groimd line. Now, 
the slope you have read is the slope from your eye to the point 
sighted. You know the elevation of your eye. After getting the 
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difference in elevation between eye and object sighted this difference 
is added to or subtracted from the elevation of your eye and the 
result is the elevation of the object sighted. From this the elevatioil 
to the ground level at station 2 is foxmd. 

50. Set your pace tally to zero, pick up your equipment, and start 
oflf in the direction of station 2, walking with your customary step. 
Do not trv to make your steps xmiform. Walk naturally. Your 
scale should have been made to read double strides wliile you were 
walking naturally over country similar to that which you are to 
sketch. Pres^ tne pace tally every time your right foot strikes the 
ground, pace tally in your left hand. Whenever you reach an object 
which should appear on your sketch, as a house, bridge, stream Ime, 
ridge line, etc., do not take the time to set up ana orient uialess 
necessary. This will only be necessary when you wish to get a 
direction with care, as in the case of tne direction of an important 
stream or ridge line. If the object is a house close to the roadside, 
it should be motted in at once without set-up or orientation. 

51. Arrived at station 2, set up. Scale off number of strides 
shown by your pace tally between stations 1 and 2 on ray already 
drawn. Mark station 2 by small circle with dot in ceiiter;' elevation 
as soon as found beside the circle. To find elevation of d. 'Sight 
back to 1 with clinometer. If reading is not the same as it was from 
1 to 2, take the mean (providing of course line of sight is from ground 
to ground, or allowance has been made for elevation of eye in. each 
case). Now himt for the proper slope scale for the slope read. Apply 
the interval to the plotted distance from 1 to 2, to find the number of 
intervals and fractions thereof contained ia the distance, l^fultiply 
this number by the rise per interval, 10 feet tot 6-inch ^cale, 20 feet 
for 3-inch scale, etc. As soon as station 2 is plotted and its elevation 
found, orient board by compass and check by back sight. Then 
proceed as before. (The elevations of all pomts on the traverse 
oetween 1 and 2 should of course be noted as well as the elevation 6f 
the side shots- taken. These are foxmd in the same way as thp^t of 
station 2.) 

In plotting distances avoid as niuch as possible soiling off' long 
lines by short plotted distances. In othe;r words, keep track.of the 
number of strides from the beginning point of a long tangent or 
slightly curving road and locate all stations on the tangent by scaling 
from the first point. This means that the pace tally is only set biack 
to zero at a marked change of direction. Watch your pace tally to 
see that it does not fail to register. 

DETAU^ AND CLEARNESS. 

52. The principal aim of the course so far has been to instruct the 
student officer in ground forms and the method of representing them 
on a map by contours. Every effort has been made to impress upoft 
him ana the instructor alike the necessity, for viewing an area of 
ground as a unit; the necessity for searching out the system of the 
topography before minor matters are taken up. 

In the sketching which has been done by the class, therefore, 
every effort has been made to compel each individual to jre^ aroma 
and ikr<mgh his area so that he might pin down the draincige system }i 
aothing else. Upon this rather inadequate franaework he has beeii 
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compelled to draw in contours at very small vertical intervals. In 
putting in the troublesome contour lines he has very likdv rubbed 
out roads, houses, most of his fences, and all of his trees.. The respit- 
ing sketch is apt to be characterized more by its intense hlackness 
than by its clearness and miUtary value. 

A, military sketch must show the essential military features of the 
area and as many of the less important military and other features 
as the scale of the sketch and the skill of the sketcher make possible. 
Jtist what amoimt of detail should be shown on a sketch in any par- 
ticular case is a: matter of judgment. As one's skiU in sketching 
and training' in mihtary tactics proceeds, his abihty to determine 
these questions for himself will grow. 

53. A sketch to be of value must be clear. The essential features 
must be brought out with bold strokes. Do not fill up the sketch 
with rude conventional signs for trees, grass^ and com. Do not fill 
it up with a mass of crowded contour lines. While the nonnal 
system requii*es 10-foot contours for a 6-inch scale, and 20rfoot con- 
tours for a 3-inch scale, this system is not to be loUowed slavishly. 
If the coimtry is so steep that 10-foot or 20-foot contours will crowd 
each othier, use a larger mtervitl. 

Break contours at the railroads and roads, so that these important 
Unes of communication will stand out. Break them at chffs and 
write the words '*chff 60 feet high." Break them at streams and 
write "stream 60 feet wide, banks 40 feet high, imfordable except 
as indicated." Omit no important landmarTcs. 

54. The user of the sketch must be able to locate himself on the 
sketch tod for that reason landmarks must appear iipon the sketch 
at frequent intervals (if they exist in fact). A tumbled-down shack 
in a sparsely-settled region, a group of cottonwood trees in a treeless 
waste, a waterhole in a semiarid country, a group of large buildings 
of a piibHo or semipubho iostitution in the vicinity of a town will 
serve to help the user locate himself. A stone bridge may name a 
battlefield. 

65. The conventional signs as adopted for use by all United States 
Government departments, as well as the special sketching signs: given 
in the Field Service Regulations, follow paragraph 1 55. They must be 
learned. 

56. At least three lesson periods must now be spent in sketching. 

LESSON vra. , 

MAP READING IN THE FIELD. 

57. Map reading is essentially the reverse of map making. One 
who has Deen practiced in sketching by the plane-table* method 
should have no oifficulty in reading and using a large sca^le sketch of 
a small area. The essential features stand out almost at . a glance. 
But a map of a large ariea of groimd can not be read at a glance. It 
must be measured and studied in much the same way as the ground 
itself would have to be measured and studied before we become 
famUiar With |,he country represented. 

Scale.— As m making a sketch we need a ^*worTcvng scale, ^^ go in 
studyiiig a map we need a ^^ reading scale,** It is not sufficient in 
reading a map for military purposes to glance at the scale given on 
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the map and then to glance at two points and guess at the distance 
between them. The units of distance most used in our service are 
the yard and the mile. It will be useful, therefore, to prepare our 
read%ng scale in yards or miles. Pages 67 and 68 give scales for the 
usual range of topographic maps. 

58: Examples. — ^To prepare a readina scale of yards for a map on a 
scale of 1:80,000. Here 1 yard on the ground is represented by 

of a yard on the map. 1,000 yards on the ground by —^ 



80,000 ^-^J"'^^ ^" .x.^ ...«.!,. ^,v,.,w J — ^ ^^ vx.^ fex ^j gQ^Q^Q 

^ of a yard or 36/80 «= 0.45 of an inch. Lay oflf a line 4.5 inches long 

and divide it into 10 parts and you have your scale* If a smaller 
unit than 1,000 yards is desired, divide the left unit into 10 equal 
parts, 

59. To prepare a reading scale of miles for a map on a scale of 

1:100,000. Here 1 mile on the ground is represented by iqq qqq of 

a mile on the map. One mile is 5,280 feet, or 68,360 iaches. There- 

fore the map representation of 1 mile on the groimd is i rJ^ />rvA or 

0.634 of an inch. Lay off a line 6.34 inches long. It will represent 
10 miles. Divide it into 10 equal parts and each part will represent 
1 mile. 

ORISNTATION AND DIRBCTION. 

60. To one who does not know his own position on the map or who 
does not hold it properly oriented when in use, a map is a hindrance 
rather than a help. One who is responsible for guioing troops by a 
map must keep his position on it by constant reference to the map. 
Too frequently in maneuvers, and even in actual war, is the map 
hidden away in a dispatch case. Then, after the column has already 
gone astray, frantic efforts are made by all concerned to recall the 
various textbook methods for orienting a map and for locating one's 
position upon the map. 

PBACnCE WORK IN ORIENTATION. 

61. It is useless to describe methods ia a training manual unleas 
the class is actually practiced in them. An indoor reading of the 
method of making a sketch or of oriwting a map will do a beginner 
htde good. 

The following methods of orientation and resection should be tried 
out in the fieldl)y the class under the eye of the instructor: 

First method. — Take a map of the training camp with the magnetic 
meridian marked upon it. Set up a sketching board on its tripod. 
Put the map on the board. Shift it until the magnetic meridian on 
the map becomes parallel to the meridian line of the needle trough. 
Pin the map down with thumb taoks. Orient the sketciung board 
and resect from two points in view as described in paragraph 46. 

Second method. — ^XJsing a compaas, but not the sketching board. 
Lay the map on the ground. Lay the sight line of the compass 
along the magnetic meridian of the map. fiotate map and compass 
together untu needle points north. If sight line oi compass has 



been kept along magnetic meridian of map, the map is oriented. 
Your location may befotmd by resecting as described in paragraph 46, 
Third method, — ^No compass or no magnetic meridian. True 
meridian given; position unknown. Point the hour hand of your 
watch (held face upward) at the sun, if in the Northern Hemisphere. 
The hne drawn from pivot to the point midway between the outer 
end of the hour hand and XII on the dial will point toward the 
south. Shift your map to correspond. This will give a very rough 
orientation, i ou may now be able to identify two or three distant 
points on the ground and their representations on the map. If you 
can do so, resect by the method explained in paragraph 46 or para^ 
graph 47. Your resection will not be accurate, but it will serve to 
aid you in locating yourself. 

62. While the last method is a good instruction method, there is 
no excuse in campaign for an officer not to have the magnetic me- 
ridian on his map. if the magiietic meridian is not shown on the 
map, ascertain the ma^etic declination and draw the meridian on. 
The magnetic decUnation, it must be remembered, is the angle 
which the ma^etic needle makes with the true north at the point. 
If the decUnation is east, it means that the north end of the needle 
settles to the east of true north. If west, the north end of the needle 
settles west. If the magnetic declination can not be readily asoer-* 
tained, you can determine it approximately in the following manner: 

DETERMINATION OF MAGNETIC DECUNATION. 

63. In the explanation of this method, the term majgnetic azimuth 
as here used is the horizontal angle from the north point of the needle 
measured clockwise around the circle to the object sighted. To read 
azimuths correctly, a box or pocket compass should be graduated 
cminter-clocJcwise. If yours is not so graduated, better add a rough 
graduation in the counter-clockwise du-ection. 

Observe the magnetic azimuth of the sun, a planet, or a bright 
star at risina and setting on the same day or at setting on one day 
and rising the next. Add these two azimuths together. TaJce me 
difference between this sum and 360°. One-half of this diflFerence 
is the decUnation of your compass — east/ if the sum of the azimuths 
is less than 360°- west, if it is greater. In using this method the 
observations are best taken when the object is just ahove the tnie 
horizon, or at a gradient of zero. This can usually be done if a high 
point is chosen for observation. If this can not be done, be careful 
to take both observations with the object at the same gradient (as 
determined with cUnometer). This is most important with the sun. 
Under the least favorable conditions an inequality of 1° in the 
gradients at the time of observation on the sun may introduce aa 
error of 3^° in the result. 

In using a star, choose one which rises nearly east from the point 
of observation. If this be done the inequality of a degree in the 
gradients will be immaterial. Both observations need not be made 
at the same point, but should not be more than 10 miles apart in 
east and west or north and south directions. (See also par. 68.) 



LESSON DL 

DAY GUIDING BY MAP AND COMPASS. 

64. The following condensed quotation from a recent supplement 
to the British Manual of Map Reading and Sketching is taken from 
the International Military Digest, March, 1916: 

After mastering the conventional signs, map reading is only a matter of observation 
and comTium sense, a fact which leads people to tmdereetimate its difficulty and the need 
for continual practice. 

When finding the way by road, it is important to consider the time factor in attemp- 
ing to identify points of the road in advance, and not place sole reliance upon cross* 
roads, or side roads, etc., which may have changed since the map was published. 
The speed of march may be obtained from a speedometer or by a rough approxima- 
tion of the marching rate of the column. * * ** 

Orienting the map by pointing at the sun [a common textbook method and at 
times a valuable one] may lead to an error in the direction of as much as 7* or 8**. 
Therefore, some permanenl point, as a church steeple or a straight piece of road, should 
be sighted on. 

When a point of the country has been identified on the map, time often will be 
saved by using it as a reference point in referring to others. Such points may be 
noted as so many degrees from it, or in line with it, or just to the richt or left. A pro- 
tractor will assist in laying of! angles and measuring bearings on the map. 

On a small-scale map many details are not shown, but much may be inferred from 
what is shown. 

In night movements practice is essential, and although it is not difficult to march 
by compass bearing, much assistance can be obtainedf by the ability to recognize a 
jew stars in different parts of the heavens, 

65. After the remarks given above have been discussed, the 
instructor should practice the members of the class in following a 
course along roads and across country from the map. In order 
that this practice may not be done in a perfunctory manner, it is 
desirable to require the student officers to traverse a course out^ 
hned by the instructor, and note on the map all features which may 
be altered. If the map is so nearly correct that this method is 
impracticable, flags bearing special numbers may be erected along 
the course and tne student officers required to locate the flags on 
their sheets. It will be particularly good practice if a group of 
flags representing a trench are so located that they can be found only 
by following a compass bearing across country for a distance of 
several miles. 

Such practice will convince all of the great difficulties in guiding 
bv compass alone. A judicious use of tne map and of prominent 
pnysical features will simplify the matter in open country. 

Before starting, the course should be carefully protracted onto the 
map and note taken of the prominent physical features through which 
or near which the line passes. Before starting, identify one of these 
points on the ground and march on it. If you must descend into a 
valley to lose sight of the feature, take some point in the valley which 
is in line to march on. Thus, continue from feature to feature. In 
close country this is not so simple. Here it may be necessary for 
you to actually plot on your map, or an enlargement of it, your 
course as you go. Make your courses as long as possible. 
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LESSON X. 

NIGHT GUIDING BT MAP. STAR, AND COMPASS. 

66. The following is taken from the Artillery Journal: 

As au aeronaut in Ladysmith, I had plenty of opportunities of foreseeing the great 
power aeronautics would have in warfare in tne future, and that most of the effective 
fighting would be done at night. 

At mat' time the regulations described night operations as extremely hazardous, 
and warned the commander who undertook such operations that he did so at his own 
peril and was responsible for the results. Various expedients were suggested to 
enable the troops to keep their directions, such as that the route should be previously 
reconnoitered and marked by tins, pieces of paper, and other devices; but how the 
reconnoitering party was ever to carry out this operation nobody has yet been able 
to understand. We found the coloniaU never required this artincial help, and could 
move about on a gtarlit night as easily as in daylight and as fast as the nature of the 
ground permitted, * * * and ascertained from various colonials, Basutos, Indians, 
and Arabs that they could instinctively read the heavens as a compaaSj this knowledge 
having been transmitted from father to son for genera-tions. * * * 

Although the system was only perfected in June, 1915, soldiers of all ranks have 
begun to realize the simplicity andTwonderful utiUty of being able to read the universal 
compass J the heavens, and we b^n to hear how useful this knowledge has been found 
for guiding supporting troops up to the first-line trenches, etc. 

The heavens can not go wron^, and on a starlit night you can rely absolutely upon 
them to take you to your destination, once you gjrasp the rudiments of the system; 
you only require to know three or four first magnitude stars, for their exact position 
IS given for every hour of the night in Marching and Flying without a Compass (Tilney , 
lieutenant colonel, F. R. C. S.) 

TO HND THE STABS. 

67. The Dipper and Cassiopeia, — ^The star plans given here, and 

garts of the descriptions, are taken from The Star rocket Book by- 
apt. Weatherhead, British Royal Navy. 
Ursa Major (called the Big Dipper), shown in the upper portion 
of Figure IX, is the most important of the constellations. It is 
at once the easiest to distinguish, the easiest to find the North Star 
by, and the best starting point from which to learn the other stars. 
The "Pointers'' a and P point to Polatis (the North Star) at all 
times as the Dipper circles the Pole. On the opposite side of Polaris 
and at about the same distance from it is the constellation of Cassio- 
peia. Its form is that of the letter W. 

The great importance which attaches to Polaris (the North Star) 
is that it is never more than 2° away from the point where the axis 
of the earth if extended would pierce the heavens. It therefore ap- 
pears to the eye to be always in the same place, and it is, except for a 
maximum variation of about 2°. 

68. As the latitude of any place is equal to the altitude of the Pole, 
when the Dipper and Cassiopeia are on either side of the North Star 
(east and west), the elevation of the North Star will give a reasonably 
correct figure lor the latitude of the place of observation. When the 
Dipper and Cassiopeia are above or below the North Star, a compass 
reacong to the North Star will give the declination of your compass to 
within the least reading of your covwass. 

69. ArcturuSj Spica, Denehola. — ^The lower half of Figure IX shows 
the Biff Dipper again. By continuing the sweep of the Dipper Tiandle, 
you will find the bright star Arcturus about 30° from the end of the 
handle. Continue on with the curve and you will find Spica about 
30° farther on. 
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ArctuTUS has a good marker near it in the semicircle of stars called 
the Northern Crowny and Spica has the kite-shaped quadrilateral 
Corvus. 

Denebola forms with Ardurus and Spiea an equilateral triangle. 

70. As an additional aid in finding these first three important 
single stars, it is pointed out that if a star is to be foxmd at a certain 
place in the heavens at a certain hour on a certain night, it will be 
found in that same place the next night about four minutes earlier and 
on the next /our minutes earlier stiU, or at the end of a month in that 
same place about two hours earlier, and so on for each successive 
month. Now, the "Pointers'' (a and /? of the Big Dipper) are to be 
found high on the meridian at midnight on March 7 any year. At this 
time Denebola will also be near the meridian (a httle to the east) and 
in the south. Follow the sweep of the Dipper handle and high up in 
the heavens almost to oiu* east wiU be Arcturus, with Spica still on 
the sweep of the handle in the southeast, completing the equilateral 
triangle. 

71. Hold the chart directly above your head, north to north, 
west to west, etc., and you should have no trouble in finding these 
stars. Remember the stars are to be found in this portion of the 
heavens and as stated at 10 o'clock on April 7, at 8 o'clock on May 7, 
etc. After May 7, therfore, we may expect to find them getting lower 
and lower in the western heavens as the summer acwances until 
September, when the Dipper is to be foimd low down imder the 
Pole; Denebola and Spica will have set before night comes on. 

72. In looldng for the stars during the summer monthsj therefore, 
face the west and hold the chart in front of vou, north to the north and 
east side up. See table in paragraph 77 lor the date on which Arc 
turusy Spica, and Denebola transit at midnight 

73. Vega, Altair, and Deneb. — The upper half of Figure X shows 
the Dipper once more and the important stars Vega, Altair, and 
a Cygnus (also caSledDeneb), 

Vega is to be found on the meridian at midnight July 1, Altair 
July 19;, and Deneb August 2. They all, therefore, transit within 
about two hours of each other. There should be no difficulty in 
finding the T of Cygnus and from it Altair, and then Vega, which is 
on a hne with Altair and its two accompanying stars. 

In the early summer months, in the hours before midnight, we will 
find tlabese stars in the eastern neavens. In the fall we wiU look for 
them in. the west. 

74. Perseus, Andromeda, the Great Square, and Pleiades. — ^In line 
with the '^ Pointers'^ on the other side of the Iforth Star, and beyond 
Cassiopeia about as far as it is beyond the North Star, we find a and /3 
of Pegasus. These five stars are all on a line (great circle), and all 
cross tbe meridian together, but, of course, when the Big Dipper is 
high in the heavens, Pegasus being on the other side of the role is 
out of sight in ordinary latitudes. When Pegasus is high in the 
heavens, the Dipper is below the North Star. It is to be expected, 
then, that a and p Pegasi wiU be on the meridian at midnight on 
September 7, just six months after the [^Pointers'* made their upper 
transit at midnight and on the saw^e night as they make their tower 
transit at midnight. 



TOPOPRAPHY, MAP READING, AND RECONNAISSANCE. 



31 



The stars on these charts, therefore, are to be looked for in the 
earlv hours of the summer evening in the east; high in the heavens 
in the early fall; and in the west along Christmas time. 
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7S. a and P Peg^i point clirectly at Fomalhaut, which, therefore, 
also crosses the nxericQan at midnight on September 7. These tb''be 
stars form as perfect a set of pointers to the role as do the "Pointers 
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of the Dipper and may be of great use, therefore, when the pointers, 
low in the heavens, are obscured by clouds. 

76. Capellay AUeharan,^ Oa ior, arid PoUux (Kg. XI). — ^Aldebaran 
is to be found on the meridian at midnight of Novfember 29, Capella 
on December 9, Castor on January 13 and Pollux on January 16. In 
the fall months and early winter we will find them in the east in the 
hours before midnight and in the west in the later winter months. A 
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line drawn from the pole star perpendicular to the line from the 
^* Pointers^' passes through Capella. This line also passes directly 
through Rigelf a bright star in the constellation of Orion. These two 
stars, therefore, cross the meridian together and form another 
excellent set of north pointers. 

The group of stars in the conatellatioipL of Orion ej:e particularly 
brilliant; perhaps the most conspicuous dt all star ^ups ju. wB 
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winter heavens. Rigel, the stars in the belt of Orion, Bellatrix, and 
Betelguese are very near the celestial equator. Betelguese and a 
Aurigae transit together as do Rigd and Capella. We therefore 
have in the winter uiis double line running from the vicinity of Orion 
to the North Star. 

SirivSy the brightest star .in the heavens, is practically in line with 
the belt of Orion and also in hne and about equidistant from the belt 
is Aldebaran. 

77. Date of midnight transit and declination of stars shown in 
Figures IX-XI. 



Date. 



Declina^ 
tiooi. 



Star. 



Date. 



Declina- 
tion. 



Star. 



January 1 . . 
January 13. 
January 15. 
January 16. 
March?.... 
March 19... 
April 12.... 
April 25.... 
Jifiyl 



16.6"8. 



28.0" N. 



15.0* N.. 

19.5* N. 
39.0"' N. 



Sirius. 

Castor. 

Proeyon. 

Pollux. 

Pointers. 

Denebola. 

Spica. 

Arcturus. 

Vega. 



July 19 

August 2 

Septembers. 
October 22. . . 
November 29. 
December 9.. 
December 9.. 
December 12. 
December 19. 



8.5"N.. 
43.0* N.. 
30.0' 8.. 
23.0' N.. 
16.0* N.. 
46.0*11.. 

8.0* S.. 

6.0" N.. 

7.6" N.. 



Altair. 

Deneb. 

Fomahaut. 

Hamel. 

Aldebaran. 

Capella. 

Be&atrix. 
Betelguese. 



78. The time of transit for any other night may be found approxi- 
mately from the rule that the star transits four minutes earlier each 
successive night, about two hours each successive month, or 24 hours 
earlier (same date) at the end of the year. 

79. The declination of a star is its ande, measured in the meridian 
from the equator. The latitude of a place on the earth is its angle 
measured in the meridian from the equator. Both are noted as north 
if north of equator, or south if south of equator. If the decUnation 
of a star is greater than the latitude of a place, it will pass the me« 
ridian to the north of the place. If less, it will pass the meridian to 
the south. Of course, if the decUnation is south and the latitude 
north, the star will always be to the south, and similarly, if the north 
declination of star is small and the latituae of the place high. 

It is evident from the foregoing that by use of the additional sets of 
north-pointing stars, and with a little practice in studymg the times 
of the yeajT and hours of the nights when certain stars are to be found 
in the meridian to the north or south of us, we should seldom have any 
difficulty in knowing approximately at least our points of the compass. 

If headquarters have^ as we imderstand they have in France, tables 
from whicn the true azmauth of a star can be predicted for any hoiu' 
of the day, and if orders ba^ed on these tables are to be issued, we 
must know the prominent stars. To learn them requires observa- 
tion and practice, nothing eke« 

LESSON XL 

USE OP MAPS IN FOSmOK WARFARE. 

80. The foUowing condensed quotation from an article in the 
British Journal Royal Artillery is taken from the International MU- 
tary Digest: 

Now that largenacale maps, such aB 1 : 20,000 or 1 : 10,000, sure used extensively 
by batteries in the field, map reading has become an important part ol an Q^er'$ 

994960—17 3 
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compelled to draw in contours at very small vertical intervals. In 
puttmg in the troublesome contour lines lie has very likdv rubbed 
out roads, houses, most of his fences, and all of his trees.. The result- 
ing sketch is apt to be characterized more by its intense blackness 
thaa by its clearness and military value. \ ' 

A, military sketch must show the essential military features of the 
area and as many of the less important military and other features 
as the scale of the sketch and the skill of the sketcher make possible. 
Jtist what amoimt of detail should be shown on a sketch in any j)ar- 
ticular case is a matter of judgment. As one's sjkiU in skietching 
and training' in military tactics proceeds, his abiUty to determine 
these questions for himself will grow. 

53. A sketch to be of value must be clear. The essential features 
must be brought out with bold strokes. Do not fill up the sketch 
with rude conventional signs for trees, grass^, and corn. Do not fill 
it up with a mass of crowded contour lines. "While the normal 
system requires 10-foot contours for a 6-inch scale, and 20rfoot con- 
tours for a 3-inch scale, this system is not to be followed slavishly. 
If the coiintry is so steep that 10-foot or 20-foot contours will crowd 
each other, use a larger mtervitl. 

Break contours at the railroads and roads, so that these important 
lines of communication wiU stand out. Break them at chflFs and 
write the words " cliff 60 feet high." Break them at streams and 
write "stream 60 feet wide, banEs 40 feet high, unfordable except 
as indicated." Omit no important landmarks. 

64. The user of the sketch must be able to locate himself on the 
sketch and for that reason landmarks must appear iipon the sketch 
at frequent intervals (if they exist in fact). A tumbled-down shack 
in a sparsely-settled region, a group of cottonwood trees ia a treeless 
waste, t waterhole in a semiarid country, a group of large buildings 
of a puhlio or semipubUo iostitution in the vicinity of a town will 
serve to help the user locate himself. A stone bridge may ixame a 
battlefield. 

65. Thfd conventional signs as adopted for use by all United States 
Government departments, as well as the special sketchii^ signs given 
in the Field Service Regulations, follow paragraph 155. They must be 
learned. 

56. At least three lesson periods must now be spent in sketching. 

LESSON vra. , ' 

MAP READING IN THE FIELD. 

57. Map reading is essentially the reverse of map making* .One 
who ha3T)een practiced in sketching by the plane-table method 
should have no difficulty in reading and using a large scale sketch of 
a snlaU area. The essential features stand out almost at a glance. 
But a map of a large area of ground can not be read at a glance. It 
must be measured and studied in much the same way as the grouiid 
itself would have to be measured and studied before we become 
faniiliar with the country represented. 

Scale.— As in making a sketch we need a ^'working scaUj^ po in 
studying a map we need a ^Weeding scaled It is not suffipient in 
reading a inap for military purposes to glance at the scale given on 
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the map and then to glance at two points and guess at the distance 
between them. The units of distance most used in our service are 
the yard and the mile. It will be useful, therefore, to prepare our 
reading scale in yards or miles^ Pages 67 and 68 give scales for the 
usual range of topographic maps. 

58: Examples. — ^T^ prepare a readina scale of yards for a map on a 
scale of 1 :80,000. Here 1 yard on the ground is represented by 

gQQQQ of a yard on the map. 1,000 yards on the ground by 30-qqq=" 

^ of a yard or 36/80 = 0.45 of an inch. Lay oflf a line 4.5 inches long 

and divide it into 10 parts and you have your scale. If a smaller 
imit than 1,000 yards is desired, divide the left unit into 10 equal 
parts, 

59. To prepare a reading scale of miles for a map on a scale of 

1:100,000. Here 1 mile on the ground is represented by iqq r^r^f^ of 
a mile on the map* One mile is 5,280 feet, or 68,360 inches. There- 
fore the map representation of 1 mile on the groimd is i q/J nn^ or 

0.634 of an inch. Lay off a line 6.34 inches long. It will represent 
10 miles. Divide it into 10 equal parts and each part will represent 
1 nule. 

ORIENTATION AND DERBCTION. 

60. To one who does not know his own position on the map or who 
does not hold it properly oriented when in use, a map is a hindrance 
rather than a help. One who is responsible for guimng troops by a 
map must keep his position on it by constant reference to the map. 
Too frequently in maneuvers, and even in actual war, is the map 
hidden away in a dispatch case. Then, after the column has already 
gone astray, frantic efforts are made by all concerned to recall the 
various textbook methods for orienting a map and for locating one's 
position upon the map. 

PBACTICE WORK IN ORIENTATION. 

61. It is useless to describe methods in a training manual unless 
the class is actually practiced in them. An indoor reading of the 
method of making a sketch or of orienting a map will do a beginner 
little good. 

The following methods of orientation and resection should be tried 
out in the field oy the class imder the eye of the instructor: 

First method. — Take a map of the training camp with the magnetic 
meridian marked upon it. Set up a sketching board on its tripod. 
Put the map on the board. Shift it until the magnetic meridian on 
the map becomes parallel to the meridian line of the needle tro^gh. 
Pin the map down with thumb tacks. Orient the sketchiag board 
and resect from two points in view as described in paragraph 46. 

Second metJiod. — ^XJsing a compass, but not the sketching board. 
Lay the map on the ground. Lay the sight hne of the compass 
along the mametic meridian of the map. Rotate map and compass 
together imtu needle points north. If sight Une of compass has 



been kept along magnetic meridian of map, the map is oriented. 
Your location may be f otmd by resecting as described in paragraph 46. 
Third method, — No compass or no magnetic meridian. True 
meridian given; position unknown. Point the hour hand of your 
watch (held face upward) at the sun, if in the Northern Hemiaphere. 
The hne drawn from pivot to the point midway between the outer 
end of the hour hand and XII on the dial will point toward the 
south. Shift your map to correspond. This will give a very rough 
orientation, i ou may now be able to identify two or three distant 
points on the ground and their representations on the map. If you 
can do so, resect by the method explained in paragraph 46 or para^ 
graph 47. Your resection will not be accurate, but it wiU serve to 
aid you in locating yourself. 

62. While the last method is a good instruction method, there is 
no excuse in campaim for an officer not to have the magnetic me- 
ridian on his map. if the magiletic meridian is not shown on the 
map, ascertain the magnetic declination and draw the meridian on. 
The magnetic declination, it must be remembered, is the angle 
which the magnetic needle makes with the true north at the point. 
If the decUnation is east, it means that the north end of the needle 
settles to the east of true north. If west, the north end of the needle 
settles west. If the magnetic declination can not be readily ascer^ 
tained, you can determine it approximately in the following manner: 

DETERMINATION OF MAGNBTIC DBCUNATION. 

63. In the explanation of this method, the term ma^snetic azimuth 
as here used is tne horizontal an^le from the north point of the needle 
measured clockwise around the cfircle to the olject sighted. To read 
azimuths correctly, a box or pocket compaas should be graduated 
cmtnter-clocJcwise. If yours is not so graduated, better add a rough 
graduation in the counter-clockwise direction. 

Observe the magnetic azimuth of the sun, a planet, or a bright 
star at rising and setting on the same day or at setting on one day 
and rising the next. Add these two azimuths together. Take tiie 
difference between this sum and 360°. One-half of this difference 
is the decUnation of your compass — east,- if the sum of the azimuths 
is less than 360°' west, if it is greater. In usinjg this method the 
observations are best taken when the object is just ahove the true 
horizon, or at a gradient of zero. This can usually be done if a high 
point is chosen for observation. If this can not be done, be careful 
to take both observations with the object at the same gradient (as 
determined with clinometer). This is most important with the sun. 
Under the least favorable conditions an inequality of 1*^ in the 
gradients at the time of observation on the sun may introduce an 
error of }4^ in the result. 

In using a star, choose one which rises nearly east from the point 
of observation. If this be done the inequality of a degree in the 
gradients will be immaterial. Both observations need not be made 
at the same point, but should not be more than 10 miles apart in 
east and west or north and south directions. (See also par. 68.) 



LESSON DL 

DAY GUIDING BT MAP AMD COMPASS. 

64. The following condensed quotation from a recent supplement 
to the British Manual of Map Reading and Sketching is taken from 
the International Military Digest, March, 1916: 

After mastering the conventional signs, map reading is only a matter of observation 
and common sense, a fact which leads people to underestimate its difficulty and the need 
for continual practice. 

When finding the way by road, It is important to consider the time factor in attempt 
ing to identify j)oints of the road in advance, and n^t place sole reliance upon <tom- 
roads, or side roads y etc., which may have cnanged since the mip was pulblished. 
The speed of march may be obtained from a gpeedometer or by a rough approxima- 
tion of the marching rate of the column. * * ^ 

Orienting the map by pointing at the sun [a common textbook method and at 
times a valuable one] may lead to an error in the direction of as much as 7* or 8**. 
Therefore, some permanent point, as a church steeple or a straight piece of road, should 
be sighted on. 

When a point of the country has been identified on the map, time oftwi will be 
saved by using it as a reference point in referring to others. Such points may be- 
noted as so many degrees irom it, or in line with it, or lust to the richt or left. A pro^ 
tractor will assist in laying off angles and measuring bearings on the map. 

On a smallnscale map many details are not shown, but much may be mferred from 
what is shown. ... 

In night movements practice is essential , and although it is not difficult to march 
by compass bearing, much assistance can be obtained by the ability to recognize a 
jm stars in different parts of the heavens. 

65. After the remarks given above have been discussed, the 
instructor should practice the members of the class in following a 
course along roads and across country from the map. In order 
that this practice may not be done in a perfunctory manner, it ife 
desirable to require the student officers to traverse a course out^ 
lined by the instructor, and note on the map all features which may 
be altered. If the map is so nearly correct that this method is 
impracticable, flags bearing special numbers may be erected along 
the course and the studen.t officers required to locate the flags on 
their sheets. It will be particularly good practice if a group of 
flags representing a trench are so located that they can be found only 
by following a compos bearing across country for a distance of 
several miles. 

Such practice will convince all of the great difficidties in guiding 
bv compass alone. A judicious use of the map and of prominent 
physical features will simplify the matter in open country. 

Before starting, the course should be carefully protracted onto the 
map and note taken of the prominent 'physical features through which 
ovnear which the line passes. Before starting, identify one of these 
points on the ground and march on it. if you must descend into a 
valley to lose sight of the feature, take some point in the valley which 
is in line to march on. Thus, continue from feature to feature. In 
close country this is not so simple. Here it may be necessary for 
you to actually plot on yom* map, or an enlargement of it, your 
course as you go. Make your courses as long as possible. 
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LESSON X. 

NIGHT GUIDING BT MAP, STAB, AND COMPASS. 

66. The following is taken from the Artillery Journal: 

As an aeronaut in Ladysmith, I had plenty of opportunities of foreseeing the great 
power aeronautics would have in warfare in me future, and that most of the effective 
fighting would be done at night. 

At mat' time the regulations described night operations as extremely hazardous, 
and warned the commander who undertook such operations that he did so at his own 
peril and was responsible for the results. Various expedients were suggested to 
enable the troops to keep their directions, such as that the route should be previously 
reconnoitered and marked by tins, pieces of paper, and other devices; but how the 
reconnoitering party was ever to carry out this operation nobody has yet been able 
to understand. We found the colonials never recjuired this artificial help, and could 
move about on a starlit night as easily as in daylight and as fast as the nature of the 
ground permitted, * * * and ascertained from various colonials, Basutos, Indians, 
and Arabs that they could instinctively read the heavens as a compass, this knowledge 
having been transmitted from father to son for eeneKitions. * * * 

Although the system was only perfected in June, 1915, soldiers of all ranks have 
begun to realize the simplicity and wonderful utiUty of being able to read the universal 
compass J the heavens, and we b^n to hear how useful this knowledge has been found 
for guiding supporting troops up to the first-line trenches, etc. 

Tne heavens can not go wron^, and on a starlit night you can rely absolutely upon 
them to take you to your destination, once you ^asv the rudiments of the system; 
you only requvre to know three or four first magnitude stars, for their exact position 
IS given for every hour of the night in Marching and Flying without a Compass (Tilney , 
lieutenant colonel, F. R. C. S.) 

TO FIND THE STABS. 

67. The Dipper and Cassiopeia, — ^The star plans giren here, and 

garts of the descriptions, are taken from The Star rocket Book by 
apt. Weatherhead, British Royal Navy. 
Ursa Major (called the Big Dipper), shown in the upper portion 
of Figure LX, is the most important of the constellations. It is 
at once Hxe easiest to distin^ish, the easiest to find the North Star 
by, and the best starting point from which to learn the other stars, 
"rtie "Pointers" a and P point to Polaris (the North Star) at all 
times aa the Dipper circles the Pole. On the opposite side of Polaris 
and at about the same distance from it is the constellation of Cassio- 
peia. Its form is that of the letter W. 

The great importance which attaches to Polaris (the North Star) 
is that it is never more than 2° away from the point where the axis 
of the earth if extended would pierce the heavens. It therefore ap- 
pears to the eye to be always in the same place, and it is, except for a 
maximum variation of about 2°. 

68. As the latitude of any place is equal to the altitude of the Pole, 
when the Dipper and Cassiopeia are on either side of the North Star 
(east and west), the elevation of the North Star will give a reasonably 
coiTect figure lor the latitude of the place of observation. When the 
Dipper and Cassiopeia are above or below the North Star, a compass 
reacung to the North Star will give the declination oi jomt compass to 
within tlie least reading of your cornpass. 

69. Ardnrus, Spica, Denehola. — ^The lower half of Pigure IX shows 
^ j^i^ Dipper again. By continuing the sweep of the Dipper Jiandle, 

Hr^iU fi^d the bright star Arcturus about 30° from the end of the 
die* Continue on with the curve and you will find Spica about 
farther on. 
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Arcturus has a good marker near it in the semicircle of stars called 
the Northern Crown, and Spica has the kite-shaped quadrilateral 
Corvns. 

Denebola forms with Ardurus and iSpiect an equilateral triangle. 

70. As an additional aid in finding these first three important 
single stars, it is pointed out that if a star is to be found at a certain 
place in the heavens at a certain Jiour on a certain night, it will be 
found in that sajne place the n>ext night abovifour minutes earlier and 
on the next /our minutes earlier stm, or at the end of a month in that 
same place about two hours earher, and so on for each successive 
month. Now, the "Pointers" (a and P of the Big Dipper) are to be 
found high on the meridian at midnight on March 7 any year. At this 
time Denebola will also be near the meridian (a httle to the east) and 
in the south. Follow the sweep of the Dipper handle and high up in 
the heavens almost to our east wUl be Arcturus, with Spica still on 
the sweep of the handle in the southeast, completing the equilateral 
triangle. 

71. Hold the chart directly above your head, north to north, 
west to west, etc., and you should have no trouble in finding these 
stars. Remember the stars are to be found in this portion of the 
heavens and as stated at 10 o'clock on April 7, at 8 o'clock on May 7, 
etc. After May 7, therf ore, we may expect to find them getting lower 
and lower in the western heavens as the summer a(wances until 
September, when the Dippjer is to be found low down under the 
Pole; Denebola and Spica wiU have set before night comes on. 

72. In looking for the stars during the summer m/>niJiSj therefore, 
face the west and hold the chart in front of vou, north to the north and 
east side up. See table in paragraph 77 for the date on which Arc- 
turaSj Svica, and Denebola transit at midnight 

73. Vega, Altair, and Deneb, — The upper half of Figure X shows 
the Dipper once more and the important stars Vega, AUair, and 
a Cygnus (also called Denei>). 

Vega is to be found on the meridian at midnight July 1, Altair 
July 19, and Deneb August 2. They all, therefore, transit within 
about two hours of each other. There should be no difficulty in 
finding the T of Cygnua and from it Altair, and then Vega, which is 
on a hne with Altair and its two accompanying stars. 

In the early summer months, in the hours before midnight, we will 
find these stars in the eastern neavens. In the fall we wiU look for 
them in the west. 

74. Perseus, Andromeda, the Great Square, and Pleiades. — ^In line 
with the ''Pointers'^ on the other side of the North Star, and beyond 
Cassiopeia about as far as it is beyond the North Star, we find a and fi 
of Pegasus. These five stars are all on a line (great circle), and all 
cross the meridian together, but, of course, when the Big Dipper is 
high in the heavens, Pegasus being on the other side of the Pole is 
out of sight in ordinary latitudes. When Pegasus is high in the 
heavens, the Dipper is below the North Star. It is to be expected, 
then, that a and P Pegasi wiU be on the meridian at midnight on 
September 7, just six m/mths after the '^Pointers'' made their upper 
transit at midnight and on the Bame night as they make their tower 
transit at midnight. 
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The stars on these charts, therefore, are to be looked for ui the 
earlv hours of the summer evening in the east; high in the heavens 
in the early fall; and in the west along Christmas time. 
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73. a and jS Pegiisi point directly at Fomalh&ut, which, therefore, 
also crosses the meridian at midnight on September 7. These th^be 
9tars form as perfect a set of pointers to the role as do the "Pointers 
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of the Dipper and may be of great use, therefore, 'v^hen the pointers, 
low in the neavens, are obscured by clouds. 

76. Capella, ATdeharaujOa .tor, and PoUux (Fig. XI). — Aldebaran 
is to be found on the meridian at midnight of November 29, Capella 
on December 9, Castor on January 13 and Pollux on January 16. In 
the fall months and early winter we will find them in the east in the 
hours before midnight and in the west in the later winter months. A 
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FIGURE XI 

line drawn from the pole star perpendicular to the line from the 
^^ Pointers^' passes through Capella. This line also passes directly 
through Rigelj a bright star in the constellation of Orion. These two 
stars, therefore, cross the meridian together and form another 
excellent set of north pointers. 

The ^up of stars in the constellation of Orion axe particularly 
brilliant; perhaps the most conspicuous ol aU star groupa jn. WO 
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winter heavens. Rigel; the stars in the belt of Orion, Bellatrix, and 
Betelguese are very near the celestial equator. Betelguese and a 
Aurigae transit together as do Rigel and Capella. We therefore 
have in the winter uiis double line running from the vicinity of Orion 
to the North Star. 

Sinus, the brightest star .in the heavens, is practically in line with 
the belt of Orion and also in line and about equidistant from the bdt 
is Aldebaran. 

77. Date of midmght trarmt and declination of stars shown in 
Figures IX-XI. 



Date. 



DecUnfr- 
tion. 



Star. 



Date. 



Declina- 
tion. 



Star. 



January 1 . . 
January 13. 
Jannary 15. 
January 16. 

March? 

March 19... 

April 12 

April 25.... 
Jiflyl 



16.5- S., 



5.5«N. 
28.0* N. 



15.0* N. 
llJO* 8. 

19.5- N. 
39.0- N. 



Siflus. 

Castor. 

Procyon. 

Pollux. 

Pointers. 

Denebola. 

Splca. 

Arcturus. 

Vega. 



July 19 

August 2 

Septembers. 
October 22. . . 
November 29. 
December 9.. 
December 9. . 
December 12. 
December 19. 



8.5* N.. 
45.0- N.. 
30.0- 8.. 
23.0*» N.. 
16.0* N.. 
•ie.0* N.. 

8.0-S.. 

6.0" N.. 

7.6- N.. 



AlT.iir. 
Dciiob* 

A]f]('l>iiran. 
Ch|irj:ia. 

Bi.iij.ui-. 
Betelguese. 



78. The time of transit for any other night may be found approxi- 
mately from the rule that the star transits four minutes earlier each 
successive night, about two hours each successive month, or 24 hours 
earlier (same date) at the end of the year. 

79. The decUnation of a star is its angle, measured in the meridian 
from the equator. The latitude of a place on the earth is its angle 
measured in the meridian from the equator. Both are noted as north 
if north of equator, or south if south of equator. If the declination 
of a star is greater than the latitude of a place, it will pass tiie me^ 
ridian to the north of the place. If less, it will pass the meridian to 
the south. Of course, if the declination is south and the latitude 
north, the star will always be to the south, and similarly, if the north 
declination of star is small and the latitude of the place high. 

It is evident from the foregoing that by use of the additional sets of 
north-pointing stars, and with a little practice in studying the times 
of the yeajT and hours of the nights when certain stars are to be found 
in the meridian to the north or south of us, we should seldom have any 
difficulty in knowing approximately at least our points of the compass. 

If headquarters have^ as we understand they have in France, tables 
from which the true azimuth of a star can be predicted for any hour 
of the day, and if orders ba^d on these tables are to be issued, we 
must know the prominent stars. To learn them requires observa- 
tion and practice, nothing eke< 

LESSON XI* 

USE or MAPS m posmoN warfare. 

80. The following condensed quotation from an article in the 
British Journal Royal Artillery is taken from the International Mili- 
isrj Digest: 

Now that large-flcale mape, such as 1 : 20,000 or 1 : 10,000, are used extenaivelv 
by batteries in the field, map reading has become an important part of an officer 9 

99496°— 17 3 
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work. Fronk the map lines of fire are obtamed, aunijig points picked out, the position 
of targets identified, and ranges obtained. 

Three distinct elements must be considered with respect to any point on the ground 
that is to be identified on the map, via, (1) direction, (2) distance, and (3) shape of 
ground or relative height. It is not sale to decide on a point whidx appears to fulfill 
two of these conditions without examining as to the third. 

(i) DIRECTION. • 

In measuring angles a semicircular celluloid protractor (Steward's) will be fotmd 
useful and fairly accurate. II several points -are to t)e iclentified ia a given zon0, a 
w ell-defined distant reference point must be selected and identified on the jnap, Usln|^ 
the protractor, measure the angle between the reference point and the object on the 
ground, then plot it off on the map, 

(2) DISTANCE. 

The approximate distance may be found in two ways: 

1. By estimation. 

2. By noting whether it is farther off or closer than other points easily identified or 

already hnovm. 
As a rule the latter method will be the more satisfactory. The scale of the map 
should be kept clearly in mind when considering distances to objects. 

(3) SHAPE OF GROUND. 

This condition, though, considered last) ia not of lee^t impottance, since a carefu 
study of the contours will fix the position of an object on the map with far more certainty 
than will an estimated distance. It sometimes helps to examine all the features 
surrounding an object and then draw a rough |l>laaEi of what is expected 1x) be found on 
the map. . • * 

Often a iMch\ wkU-defined hedge indicates a road. What. looks like a wood may be 
onlif scattered trees, A low ridge or embanhneint may coi;ice^l a he^ge, so the first^ hedge 
visible beyond may be the second hedge shown on the map. 

Watch the smoke of a distant railway train; it not only helps to identify the line 
of the rmlroad, but may be useful as a reference point iox ci^et-ohjeeis, Finally, even 
the good maps may have mistakea, usually, in connection with the roads. 

; PRACTICAL WORK. . 

81. Ite ability to read maps as above described can only be 
acquired by practice in the field. The followii^ practical work 
should be executed by each -member of the class in the field. If the 
training period permits, this character of the work should be con- 
tinued unta all are proficient in reading ground from a disianeei, 
A ridge in or near tne training ar^a will be selected from which 
a reasonably good view can be had. The members of the class 
with their sketching equipment and maps will be deployed along 
the ridge, so that as'neai*ly as may be they have the same view* 
Before the lesson hour the instructor will have had piaced several 
conspicuous objects; red or white flags will do if nothing €lse is at 
hand. A prominent object in the foreground will be designated 
by the instructor as the reference "point, and each student after locating 
his position on the map and orienting wiU draw a ray to this point. 
He will then be required to sight iMid draw r^ys to the several flags. 
He will then be required to draw a small circle at the point on each 
ray where he believes the flag to be. He will then be required to 
draw a profile from his map along each of the rays. The drawing 
of each profile will require about 30 minutes of a begih'ner's'tirne. 
ThOTe should not be so many required of him as to' absorb the eatire 
lesson period. 
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TO draw' the PROFILB. 

82. Look along the ray very carefully and find the lowest contour 
which the ray crosses and abo the highest. Stippose the lowest 
to be 520 and the highest to be 640. The highest point on 
your profile will then, ot course, be 640 feet and the lowest 520. 
The difference will be 120 feet. Smpose the contour interval is 20 
feet; 20 goes into 120 six times. There are, therefore, six contour 
intervals between the highest and lowest point. Take a sheet of 
paper, the long edge of which is loi^ enough to reach from your 
position on map to the position of nag. With your ahdade as a 
ruler, draw six lines parallel to the long edge of the paper at equal 
distances apart and from the edge. This distance may be any- 
convenient one, but should not be less than one-half inch, if practi- 
cable. (A method of drawing the lines parallel to each other, which 
suggests itself, is to lay off half-inch spaces along the short edges of 
the paper and connect them.) Now lay the long edge of the paper 
on the ray. Mark the edge of the paper as elevation 620 (the lowest 
elevation) and the highest line as 640; mark the intermediate ones 
540, 560, 580, 600 and 620. Now, beginning at your station, look 
along the ray very carefully, and every time the ray crosses a contour 
(say the first one met is the 620) run a light line up to the correspond- 
ing parallel hne (620 in this case) and make a cross there. Do the 
same at the next contour, and continue until you reach the position 
of the flag. Now connect the crosses in succession, beginning at the 
first one, by straight fines. The result will be a profile or vertical 
section of the ground between your position and the flag's (providing 
you located the flag correctly). Now compare your profile with the 
ground between you and the flag. Does your profile nelp you to tell 
whether you located the flag correctly? Did vou overestimate the 
distance and plat the flag's position in a valley beyond the hill where 
you really could not see it? 

83. Draw a straight line on your profile sheet from your position to 
the flag^s position. Does this line clear all intervening points on the 

5rofile ? If not, you could not see the flag where you have plotted it. 
his latter little problem is what is commonly called a visibility 
problem. 

84. Each sketcher will now be required to outline on hia map the 
areas (included between the rays to two flags) which are invisible 
to him. To do this, he will find it desirable to draw a number of 
profiles. He should draw no more than absolutely necessary, and 
these for the sole purpose of checking a decision which he has made 
by comparison of the map with the ground. 

LESSON xn. 

visraiLrrY. « 

85. A problem frequently ariaii^ in map reading is that of deter- 
mining what points are visible from a given point. A point is visible 
when the gradient to it, if rising, is greater, and if falling, is smaller 
than the gradient to any intermediate point. 

For this comparison gradients are conveniently represented by 
the quotient of aistance in feet divided by the difference of elevation 
in feet. The point will be visible when this quotient is smaller, if 
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compelled to draw in contours at very small vertical intervals, la 
puttmg in the troublesome contour lines lie has very likdv rubbed 
out roads, houses, most of his fences, and all of his trees.. Tne result- 
ing sketch is apt to be characterized more by its intense hlackness 
than by its clearness and military value. 

A, military sketch must show the esserUial miiUary features of the 
area and as many of the less important military and other features 
as the scale of the sketch and the skill of the sketcher make pos3ible. 
Jlist what amoimt of detail should be shown on a sketch ia any par- 
ticular case is a matter of judgment. As one's skill in skietching 
and training' in mihtary tactics proceeds, his abiUty to determine 
these questions for himself will grow. 

53. A sketch to be of value must be clear. The essefitial features 
must be brought out with, bold strokes. Do not fill lip the sketch 
with rude conventional signs for trees, grass^ and corn. Do not fill 
it up with a mass of crowded contour lines. While the normal 
system requires 10-foot contours for a 6-inch scale, and 20rfoot con- 
tours for a 3-inch scale, this system is not to be followed slavishly. 
If the country is so steep that 10-foot or 20-foot contours will crowd 
each other, use a larger interval. 

Break contours at the railroads and roads, so that these important 
Unes of communication will stand out. Break them at chffs and 
write the words "cUfiF 60 feet high." Break them at streams and 
write *' stream 50 feet wide, banks 40 feet high, unfordable except 
$B indicated." Omit no important landmarks. 

54. The user of the sketcn must be able to locate himself on the 
sketch tod for that reason landmarks must appear upon the sketch 
at frequent intervals (if they exist in fact). A tumbled-down shack 
in a sparsely-settled region, a group of cottonwood trees in a treeless 
waste, a waterhole in a semiarid country, a group of large building 
of a pubKc or semipubUo institution in the vicinity of a town wul 
serve to help the user locate himself. A stone bridge may name a 
battlefield. 

5$. The conventional signs as adopted for use by all United States 
Govertiment departments, as weU as the special sketchii^ signs given 
in the Field Service Regulations, follow paragraph 1 55. They must be 
learned. 

66. At least three lesson periods must now be spent in sketching. 

LESSON vra. 

MAP READING IN THE FKLD. 

67. Map reading is essentially the reverse of m^p making* One 
who hasTbeen practiced in sketching by the plane-table method 
should have no difficulty in reading and using a large scale sketch of 
a snlall area. The essential features stand out almost at. a glance. 
But a map oi a large area of ground can not be read at a glance. ^It 
must be measured and studied in much the same way as the ground 
itself would have to be measured and studied before we becopie 
f amihar with the country represented. 

Scale. — ^As in making a sketch we need a ^'worHng scaUj^ '90 in 
studying a map we need a ^'reading scaleJ^ It is not sufficient in 
reading a inap for military purposes to glance at the scale given on 
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the map and then to glance at two points and guess at the distance 
between them. The units of distance most used in our service are 
the yard and the mile. It will be useful, therefore, to prepare our 
read%ng scale in yards or miles. Pages 67 and 68 give scales for the 
usual range of topographic maps. 

58: Examples. — ^To prepare a reading scale of yards for a map on a 
scale of 1:80,000. Here 1 yard on the ground is represented by 

^^QQ^ of a yard on the map. 1,000 yards on the ground by ^' qqq '^ 

^ of a yard or 36/80 «= 0.45 of an inch. Lay off a line 4.5 inches long 

and divide it into 10 parts and you have your scale. If a smaller 
unit thaq 1,000 yards is desired, divide the left unit into 10 equal 
parts. 

59. To prepare a reading scale of miles for a map on a scale of 

1:100,000. Here 1 mile on the ground is represented by i qq qqq of 
a mile on the map. One mile is 5,280 feet, or 63,360 inches. There- 

/JO QAfl 

fore the map representation of 1 mile on the groimd is i qa qaq or 

0.634 of an inch. Lay off a line 6.34 inches long. It wiU represent 
10 miles. Divide it into 10 equal parts and each part will represent 
1 mile. 

ORUim'ATION AND DlRECnON. 

60. To one who does not know his own position on the map or who 
does not hold it properly (iriented when in use, a map is a hmdrance 
rather than a help. One who is responsible for euioing troops by a 
map must keep his position on it by constant reference to the map. 
Too frequently in maneuvers, and even in actual war, is the map 
hidden away in a dispatch case. Then, after the column has already 
gone astray, frantic efforts are made by all concerned to recall the 
various textbook methods for orienting a map and for locating one's 
position upon the map. 

PBACnCB WORK IN ORIENTATIOK. 

61. It is useless to describe methods in a training manual unless 
the class is actually practiced in them. An indoor reading of the 
method of making a sketch or of orienting a map wlU do a beginner 
little good. 

The following methods of orientation and resection should be tried 
out in the field oy the class under the eye of the instructor: 

First method. — Take a map of the traming camp with the ma^etic 
meridian marked upon it. Set up a sketcning board on its tripod. 
Put the map on the board. Shift it until the magnetic meridian on 
the map becomes parallel to the meridian line of the needle tro^gh. 
Pin the map down with thumb tacks. Orient the sketching board 
and resect from two points in view as described in paragraph 46. 

Second method. — ^Using a compass, but not the sketching board. 
Lay the map on the ground. Lay the sight line of the compass 
alon^ the magnetic mendian of the map. Kotate map and compass 
togemer untu needle points north, if sight hne oi compass has 
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been kept along magnetic meridian of map, the map is oriented. 
Your location may be f omid by resecting as described in paragraph 46. 
Third method, — ^No compass or no magnetic meridian. True 
meridian eiven; position unknown. Point the hour hand of vour 
watch (held face upward) at the sun, if in the Northern Hemispnere. 
The Une drawn from pivot to the point midway between the outer 
end of the hoiu* hana and XII on the dial will point toward the 
south. Shift your map to correspond. This will give a very rough 
orientation, i ou may now be able to identify two or three distant 
points on the ground and their representations on the map. If you 
can do so, resect by the method explained in paragraph 46 or para^- 
graph 47. Your resection will not be accurate, but it will serve to 
aid you in locating yourself. 

62. While the last method is a good instruction method, there is 
no excuse in campaign for an officer not to have the magnetic me- 
ridian on his map. If the magiletic meridian is not showh on the 
map, ascertain the ma^etic declination and draw the meridian on. 
The magnetic dechnation, it must be remembered, is the angle 
which the ina^etic needle makes with the true north at the point. 
If the declination is east, it means that the north end of the needle 
settles to the east of true north. If west, the north end of the needle 
settles west. If the mdgrietic declination can not be readily asoer-^ 
tained, you can determine it approximately in the following manner: 

DETERMINATION OF MAGNETIC 0BCUNATION. 

63. In the explanation of this method, the term ma^etic azimuth 
as here used is the horizontal angle from the north point of the needle 
measured dockwise around the circle to the object sighted. To read 
azimuths correctly, a box or pocket compass should be graduated 
cminter-clochwise. If yours is not so graduated, better add a rough 
graduation in the counter-clockwise direction. 

Observe the magnetic azimuth of the sun, a planet, or a bright 
star at risina and setting on the same day or at setting on one Jay 
and rising tne next. Add these two azimuths together. Take the 
difference between this sum and 360°. One-half of tiiis difference 
is the declination of your compass — east, if the sum of the azimuths 
is less than 360°* west, if it is greater. In using this method the 
observations are best taken when the object is just above the true 
horizon, or at a gradient of zero. This can usually be done if a high 
point is chosen for observation. If this can nx)t be done, be careful 
to take both observations with the object at the sam« gradient (as 
determined with cUnometer). This is most important with the sun. 
Under the least favorable conditions an inequality of 1° in the 
gradients at the time of observation on the sun may introduce an 
error of H° in the result. 

In using a star, choose one which rises nearly east from the point 
of observation. If this be done the inequality of a degree in the 
gradients will be immaterial. Both observations need not be made 
at the same point, but should not be more than 10 miles apart in 
east and west or north and south directions. (See also par. 68.) 



LESSON IX. 

DAY GmDINQ BY MAP AMD COMPASS. 

64. The following condensed quotation from a recent supjdement 
to the British Manual of Map Reading and Sketching is taken fi:om 
the International Military Digest, March, 1916: 

After mastering the conventional signs, map reading is only a matter of obden^ation 
and common sense, a fact which leads people to underestimate its difficulty an*d the need 
for continual practice. 

When finding the way by road, it is important to consider the tifne factor in attempt- 
ing to identify points of tne road in advance, and Tiot place sole reliance upon cross* 
roads, or nde roads, etc., which may have cnanged since the mrtp was published. 
The speed of march may be obtaineli from a speedometer or by a rough approxima- 
tion of the marching rate of the column. * * * 

Orienting the map by pointing at the sim [a common textbook method and at 
times a valuable one] may lead to an error in the direction of as much as 7** or 8**. 
Therefore, some permanent point, as a church steeple or a straight piece of road, should 
besighted on. 

When a point of the country has been identified on the map, time often will be 
saved by using it as a reference point in referring to others. Such points may be" 
noted as so many degrees from it, or in line with it, or lust to the right or left. A pro^ 
tractor will assist in laying off angles and measuring bearings on the map. 

On a small-scale map many details are not shown, but much may be inferred from 
what is shown. 

In night movements practice is essential, and although it is not difficult to march 
by compass bearing, much assistance can be obtained by the ability to recognize a 
jew stars in different parts of the heavens, 

65. After the remarks given above have been discussed, the 
instructor should practice the members of the class in following a 
course along roads and across country from the map. In order 
that this practice may not be done in a perfunctory manner, it ife 
desirable to require the student officers to traverse a coui^e out^ 
lined by the instructor, and note on the map all features which may 
be altered. If the map is so nearly correct that this method is 
impracticable, flags bearing special numbers may be erected along 
the course and the studen.t officers required to locate the flags on 
their sheets. It wiU be particularly good practice if a group of 
flags representing a trench are so located that they can be found only 
by following a compass bearing across country for a distance of 
several miles. 

Such practice will convince all of the great difficulties in guiding 
bv compass alone. A judicious use of me map and of prominent 
physical features will simplify the matter in open country. 

Before starting, the course should be carefully protracted onto the 
map and note taken of the prominent physical features tkr&agh which 
or near which the line passes. Before starting, identify one of these 
points on the ground and march on it. If you must descend into a 
valley to lose sight of the feature, take some point in the valley which 
is in line to march on. Thus, continue from feature to feature, li 
close country this is not so simple. Here it may be necfessary for 
you to actually plot on your map, or an enlargement of it, your 
course as you go. Make your courses as long as possible. 
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LESSON X. 

NIGHT GUIDING BT MAP, STAB, AND COMPASS. 

66. The foUowing is taken from the Artillery Journal: 

As an aeronaut in Ladysmith, I had plenty of opportunities of foreseeing the great 
power aeronautics would have in warfare in me future, and that most of the effective 
nghting would be done at night. 

At that 'time the regulations described night operations as extremely hazardous, 
and warned the commander who undertook such operations that he did so at his own 
peril and was responsible for the results. Various expedients were suggested to 
enable the troops to keep their directions, such as that the route should be previously 
reconnoitered and marked by tins, pieces of paper, and other devices; but how the 
reconnoitering party was ever to carry out this operation nobody has yet been able 
to understand. We found the colonials never recjuired this artificial help, and could 
move about on a atarlit night aa easily as in daylight and as fast as the nature of the 
ground permitted, * * * and ascertained from various colonials, Basutos, Indians, 
and Arabs that they could instinctively read the heavens as a compass, this knowledge 
having been transmitted from father to son for eenewitions. * * * 

Although the system was only perfected in June, 1915, soldiers of all ranks have 
b^un to r^kiize the simplicity ancTwonderful utility of being able to read the universal 
compass J the heavens, and we begin to hear how useful this knowledge has been found 
forguiding supporting troops up to the first-line trenches, etc. 

Tne heavens can not go wron^, and on a starlit night you can rely absolutely upon 
them to take you to your destination, once you ^asv the rudiments of the system; 
you only require to know three or four first magnitude stars, for their exact position 
IS given for every hour of the night in Marching and Flying without a Compass (Tilney , 
lieutenant colonel, F. R. C. S.) 

TO FIND THE STABS. 

67. The Dipper and Cassiopeia. — ^The star plans giren here, and 

Sarts of the descriptions, are taken from The Star Pocket Book by 
apt. Weatherheaa, British Royal Navy. 
Ursa Major (called the Big Dipper), shown in the upper portion 
of Figure IX, is the most important of the constellations. It is 
at once the easiest to distinguish, the easiest to find the North Star 
by, and the best starting point from which to learn the other stars. 
The "Pointers'' a and P point to Polaris (the North Star) at all 
times as the Dipper circles the Pole. On the opposite side of Polaris 
and at about the same distance from it is the constellation of Cassio- 
peia. Its form is that of the letter W. 

The great importance which attaches to Polaris (the North Star) 
is that it is never more than 2° away from the point where the axis 
of the earth if extended would pierce the heavens. It therefore ap- 
pears to the eye to be always in the same place, and it is, except for a 
maximum variation of about 2°. 

68. As the latitude of any place is equal to the altitude of the Pole, 
when the Dipper and Cassiopeia are on either side of the North Star 
(east and west], the elevation of the North Star wiU give a reasonably 
correct figure lor the latitude of the place of observation. When the 
Dipper and Cassiopeia are above or below the North Star, a compass 
reamng to the North Star wiU give the declination of your compass to 
within the least reading of your compass. 

69. Arcturus, Spica, Denehola. — ^The lower half of Pieure IX shows 
the Big Dipper again. By continuing the sweep of the Dipper Jiandle, 
you will find the bright star Arcturus about 30° from the end of the 
handle. Continue on with the curve and you will find Spica about 
30° farther on. 
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of the Dipper and may be of great use, therefore, when the pointers, 
low in the Jieavens, are obscured by clouds. 

76. CapelUj AldeharaUyOa itoVj and PoUux (Kg. XI). — ^Aldebaran 
is to be found on the meridian at midnight of November 29, Capella 
on December 9, Castor on January 13 and Pollux on January 16. In 
the fall months and early winter we will find them in the east in the 
hours before midnight and in the west in the later winter months. A 
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FIGURE XI 

line drawn from the pole star perpendicular to the line from the 
^^ Pointers^ ^ passes through CapeUa. This line also passes directly 
through Rigel, a bright star in the constellation of Orion. These two 
stars, therefore, cross the meridian together and form another 
excellent set of north pointers. 

The group of stars in the cons<tellatioi3i of Orion axe particularly 
brilliant; perhaps the most conspicuous of aU star gpt)updj]i, tue 
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The stars on these charts, therefore, are to be looked for in the 
earlv hoxirs of the summer evening in the east; high in the heavens 
in the early fall; and in the west along Christmas time. 
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FIGURE X 

78. a and P Pegasl point directly at Fomalhaut, which, therefore, 
also crosses the mericUail at midnight on September 7. These th'^tie 
3tars form as perfect a set of pointers to the role as do the '' Pointers 
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of the Dipper and may be of great use, therefore, when the pointers, 
low in the neavens, are obscnred by clouds. 

76. CapeVxij Aldebaran,Oaitor, arid PoUux (Fig. XI). — ^Aldebaran 
is to be found on the meridian at midnight of November 29, Capella 
on December 9, Castor on January 13 and Pollux on January 16. In 
the fall months and early winter we will find them in the east in the 
hours before midnight and in the west in the later winter months. A 
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line drawn from the pole star perpendicular to the line from the 
^^ Pointers'* passes through CapeUa. This line also passes directly 
through Rigel, a bright star in the constellation of Orion. These two 
stars, therefore, cross the meridian together and form another 
excellent set of north pointers. 

The group of stars in ihe consftellatipa of Orion a^ particularly 
brilliant; perhaps the most conspicuotis of aU star £px)upa, jn tbie 
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winter heavens. Rigel, the stars in the belt of Orion, Bellatrlx, and 
Betelguese are very near the celestial equator. Betelguese and a 
Aurigae transit together as do Rigel and Capella. We therefore 
have in the winter flbis double line running from the vicinity of Orion 
to the North Star. 

SirvaSj the brightest star .in the heavens, is practically in line with 
the belt of Orion and also in line and about equidistant from the belt 
is Aldebaran. 

77. Date of midnight transit and declination of stars shown in 
Figures IX-XI. 



Date. 



DecUna- 
tion. 



Star. 



Date. 



Declina- 
tion. 



Star. 



January 1.. 
January 13. 
January 15. 
January 16. 

March? 

March 19... 
Aprill2.... 
April 25.... 
Jifiyl 



16.5" 8. 



5.5- N. 
28.0* N. 



15.0^1^. 
11X)»B. 
19.5" N. 
39.0' N. 



Sirius. 

Castor. 

Procyon. 

Pollux. 

Pointers. 

Denebola. 

Spica. 

Arcturus. 

Vega. 



July 19 

August 2 

Septembers. 
October 22. . . 
November 29. 
December 9.. 
December 9.. 
December 12. 
December 19. 



S.5* N.. 
45.0*' N.. 
30.0" 8 . . 
23.0" N.. 
16.0^ N.. 
46.0* N.. 

8.0-8.. 

6.0" N.. 

7.5" N.. 



Alrnir. 

Denct?, 

FomnhdQt- 

HamcL 

AMHifirjin. 

BcllQtrlx. 
Betclgucae. 



78. The time of transit for any other night may be found approxi- 
mately from the rule that the star transits four minutes earlier each 
successive night, about two hours each successive month, or 24 hours 
earlier (same date) at the end of the year. 

79. The declination of a star is its angle, measured in the meridian 
from the equator. The latitude of a place on the earth is its angle 
measured in the meridian from the equator. Both are noted as north 
if north of equator, or south if south of equator. If the decUnation 
of a star is greater than the latitude of a place, it will pass the me^ 
ridian to the north of the place. If less, it will pass the meridian to 
the south. Of course, if the declination is south and the latitude 
north, ihe star will always be to the south, and similarly, if the north 
declination of staa: is small and the latituae of the place high. 

It is evident from the foregoing that by use of the additional sets of 
north-pointing stars, and with a little practice in studying the times 
of the year and hours of the nights when certain stars are to be found 
in the meridian to the north or south of us, we should seldom have any 
difficulty in knowing approximately at least our points of the compass. 

If headquarters have^ as we imderstand they nave in France, tables 
from which the true azimuth of a &tar can be predicted for any hour 
of the day, and if orders based on these tables are to be issued, we 
must know the prominent stars. To learn them requires observa- 
tion and practice, nothing eke. 

LESSON XI. 

USE Of Maps in posrrioN warfare. 

80. The following condensed quotation from an article in the 
British Journal Royal Artillery is taken from the International Mili- 
tary Digest: 

Now that large-scale maps, such as 1 : 20,000 or 1 : 10,000, are used extensively 
by batteries in the field, map reading has become an important paict oi an pfiScer 9 
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used in surveying. for the measurement of angles^ distance, and eleva- 
tion. The following plan of procedure is suggested for a topograph- 
ical survey of an area too large to permit of the use of reconnaissance 
methods and yet not lar^e enough to justify geodetic methods. The 
time allotted to this training course and the^personnel of the class will 
determine whether instruction can be given in this part of the manual. 

LESSON XX. 

TOPOGRAPHICAL SURVEY OF AN AREA APPROXIMATELY 100 SQUARE MILES. 

117, In this work^ as indeed in all map work or sketching, it ''must 
be accepted as an axiom that however large or however small may be 
the area to be surveved, it must be treated as a whole^ and that all 
over the area a number of carefuUy determined points must be fixed/' 
and these points adjusted among themselves to form an accurate 
framework on which the less accurate work may be hung. 

The accuracy of the entire inap will depend upon the accuracy of 
the framework or control. The frameworK may be Ideated by trian- 
gulation or by transit traverses, A combination of the two will be 
the ordinary rule. 

• TRUNGULATION. 

,118. Paragraphs 187 to 189 give the methods to be followed in meas- 
uring the base line. It should be remembered that an error in the 
base line will be reproduced in the triangulatioti. ' Thus, if the base 
measurement is y^Vtr larger than it should be and the farthest point 
of the triangulation is actually 10 miles from the base, the triangula- 
tion will place the point at a distance of xihr ^iJ®? about 50 feet too 
far. This would not be serious if the work is to be carried no further 

ANGLE MEASUREMENT. 

119. If possiUe, all of the angles of each triangle should be meas- 
ured. The procedure at each station is as follows: Level carefully 
with the telescope level and see that the plate levels and other adjust- 
ments are satisfactorv. For each principal angle: Set the A 
vernier to read zero and, with the telescope direct, set with the lower 
motion carefully on the left-hand station. Read and record both 
verniers. Undamp above and set on the right-hand station. Read 
and record the A vernier for the approximate angle. Find the number 
of whole times 60 will go into this approximate angle and call this M. 
Then— 

Unclamp below and set on the left-hand station) q^^^^j ,.^r^^+uir^.^ 
Unclamp above and set on the right-hand station/^^^*^^^ repeuuon. 
Unclamp below and set on the left-hand stationlrrrL- j ^^,>^fUi^r, 
Unclamp above and set on the right-hand station/ ^^^^ repeuuon. 

Plimge the instrument, and without disturbing the vernier setting, 

Unclamp below and set on the left-hand station! p^^^ reDetition 
Unclamp above and set on the right-hand station/ "**^**" P 
Unclamp below and set on the left-hand 8tation\™f.v^ ,^r^.^+if{r.r, 
Unclamp above wad set on the right-hand stationr^"^ repeuuon. 
Unclamp below and set on the left-hand stationlgj^i^ j«Y>etition 
Unclamp above and set on the right-hand station/^ ^ 

Read and record both verniers. The mean of the ''seconds" of the 
two verniers wili.be taken with, the degrees and. minutes of the A 
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VBmier as the vernier rejading. To thismust be added 860'' multiplied 
by M as above detenniaed. This large angle is then divided by 6. 
Inis is the value of the p-ngle for one set of readings. A second set 
should now be taken. . In. the second set the vernier at the start shoijd 
be set at 35°. If the values from the observed sets do not check out, 
the observations are immediately repeated, if they do take the mean. 

120. In reading vertical angles, level the instrument with the 
telescope level. Measure and record the HI. Read, direct, the 
vertical angles. Plunge the telescope und reread the vertical angles. 
Relevel the instrument and repeat the direct and reverse observa- 
tions. The recorder notes the point observed and the vertical angle 
for each station, landmark, or flag. 

121. AJter thte angles which pertain to the triangulation system 
have been read and recorded as above described, a series of ''point- 
ings '' are taken to all spires^ and other* prominent landmarks in view, 
record of each object ''pointed'' being kept in such a manner that 
there will be no diffieul|by in identifymg it later, when "pointed" 
from another station. Th^e pointings are taken as follows: 

Set A vernier at zero, and with the telescope direct, set carefuUy 
with the lower motion on any prindpal station. Then, unclamping 
above, read the angles to the successive landmarks in turn around 
the horizon, closing and reading in the original zero line. Set B 
vernier at zero and, with the tefescope reversed^ again set by lower 
motion on some principal station. Unclamp above and read land- 
marks as before, elosing on the zero line. In case either reading 
on the closing Une or mrect and reverse reading on any landmark 
do not check within one minute, repeat the entire operation. 

tSK STATION ADJUSTMENT. 

121. After all the main angles have been satisfactorily observed, 
closing the hoi^^pp, their jsum should equal 360°. The difference 
between 360® and the sum mil be di video equally and applied as a 
correction to each angle, so that the resultant sum is 360°. This 
adjustment is made in the notebook, and the final values checked. 

REDUCTION TO CENTER. 

122. In triangulation of the character being described, it fre- 
quently happens that angles are taken to some point, such as a tree, 
where it is impossible to erect the transit. In such a case the instru- 
ment is set up at the nearest convenient point, called a satellite station^ 
at a short distance from the tree, and the angles taken fi*om this 
station can be afterwards reduced to the true values at the object 
itself. 

From the satellite station which we wiU call S, the round of angles 
will be read as usual, taking care to include the tree which we will 
call T. Measure the distance from S to T carefully. Let A and B 
represent two stations from which T has been observed, A being on 
the same ''hand" of B as is S from T, in this case the left. We 
measured the angle ASB. The angle desired is ATB. 

(a) ATB = ASB+SAT-SBT. 
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To find SAT and SBT we need to know the length of AT and BT 
approximately. To determine them approximately, we can plot 
the triangle ASB, lay off ST in direction and distance as observed 
and measure AT and BT. This should be done at a large scale. 
Now — 

(6) Sin SAT=SinTSA^ and 

(c) SinSBT=SmTSB^" 

From (&) find Sin SAT and from it the an^e SAT. 
From (c) find SBT, substitute these values in (a), and we find ATB. 
(See fig. 14.) 

ADJUSTMENT OF ANGLBS OF TBUNGLB8. 

123. In securing the triangulation control for an area of 100 square 
miles or so, the purpose of which is primarily the construction of a 
map on a reasonably small scale, the computations necessary for the 
adjustment of quadrilaterals are not justified. Each triangle, there- 
fore, will be adjusted as a single fisure as completed and the com- 
puted sides considered as correct, unless, of course, an actual mistake 
IS discovered. It should be realized, therefore, that the fewer of 
these main control triangles we use, the better for the work. If the 
country is suited to triangulation, we may wish to have a number of 
small trian^es to control the actual takmg of the topography, but 
these shovM not be made a part of the main triangulation system. 
They should be adjusted to it, not with it. Except for station adjust- 
ment of angles, which is of course desirable, nothing should enter 
into the adjifstment of any of the main triangles but the angles at 
the verticals of each triangle, 

124. It is evident, therefore, that if the triangulation net is ex- 
tended to the sides as well as forward that each vertex located to 
the side must depend for its adjustment upon the side used for a 
base for its determination and no interadjustment between adjoining 
side triangles must be attempted. Do the work carefully and you 
will have confidence in the resulting system of control. 

124. The angles of any one of the main triangles are to be adjusted 
as follows: Add them together. The difference between the sum and 
180° is the error. (This should not be greater than 30 seconds and 
will be less if care has been taken to use rigid points to sight on and 
Ught conditions have been favorable.) Distribute the error equally 
(not proportionately) among the three angles so that their sum will 
be 180°. 

AZIMUTH. 

125. The initial meridian of the triangulation should be a true 
north and south line. Azimuths in this work are reckoned from the 
initial meridian or lines drawn paralld to it; from the south point, 
in the direction S-W-N-E and from 0° to 360°. 
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GOMFUTATION OF SIDES. 

125. The base line is the only side of the triangle whose length is 
known. The other sides are to he found from the law of sines, that 
is — 

Sin A a aSiixB , 

SinB""B - SinA"^^ 

SnA a aSmC 

SinC""c SinA""^' 

Assuming a to he the hdse and the angles A, B, and to have been 
measured, the calculations are arranged as follows: 

(1) log a (1400.74) «3.1463575. 

(2) colog Sin A (67*^ 42' 16'0 =-0,0729874. 

(3) log Sin B (61^ 17' 53") -9.9430639. 

(4) log Sin C (W 69' 51") =9.9418088. 
Sum of (1) (2) (3) =log b «3. 1624088. 
Sum of (1) (2) (4) -log o -3.1611537. 

COMPUTINO THE COORDINATES. 

127. The next step in the computations is to put the results in a 
form which permits accurate plotting and which enables a record to 
be kept of tne position of each trigcoiometrical point. The system 
used will in this work be rectangular coordinates. 

128. If practicable, the origin of coordinates should be so located 
that the entire area to be surreyed will be north and east of it. The 
coordinates of all points of the area will then be plus. This is to be 
desired. 

129. It is to be understood that in rectangular coordinates the 
initial meriiianf that is, the north and south line through the origin, 
is the only true north and eovih line qf the survey. All azimuths are 
referred to it and the convergence of meridians is neglected. This 
is allowable in small areas. Through the orisin of coordinates, two 
lines are imagined, one line north and souul, which is the initial 
meridian, the other perpendicular to that line at the origin. The 
location with respect to the origin of any point is estabhshed when 
its dei^arture (perpendicxilar distance from the initial meridian) and 
its latitude -(perpendicular distance from the east and west line, axis) 
are known. 

130. The sim of departure when east of the initial meridian is plus. 
The sign of a latitude when north of the origin of coordinates is plus. 
It is usual to speak of the initial meridian as the Y axis, and the other 
as the X axis. Differences in latitudes are, therefore, spoken of as 
differences in Y, and differences in departure as differences in X. 

131. If the coordinates of the point of ori^ are kfiown or assumed, 
the coordinates of any other pomt which is tied to it hy angle and 
distance may be found by adding, algebraically, the difference in X 
and the difference in Y to the coordinates of the point of origin. The 
difference in coordinates between the origin and the other point will 
be obtained as follows: 

Difference in X == distance to point x sin azimuth. 
Difference in Y«- distance to point x cos azimuth. 
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^, :! .WESSON XXI. / nr 

' TftAYEBSE CONTOOdJ ' ' '^ 

132. The purpose of the Mgher or iriaAgulation control j'ust de- 
scribed is to establish a^/ew joints in ,tlie ayea with a considerable 
degree of precision upon which to hang the control of lower order. 
Jtfc^ie,^p^ntrTi4Q^ n9t Jend[it^^ t4)itriai3girt 

may be established py a; trs^vTeisdipafttrpl^ u], ;!.»'. . .:: ■ 

133. If a raikoad or reasonably; leyel,,roa4,riWPitlwough. the area, 
it is quite possible tp; traye^e it 9«d oqieafWQ^ iti bjL^stfl^iajWith an 
accuracy of 1 in 500., If .tfhe distance ia|crq^. tjite.jw'ea.iis 10 miles 
(52,800 feet) the total ^rjppr in tl;ie ;iiAQ.'1^<^^Wb?ii*i'bo^t 100 feet, 
probably cjuite as good a '•'fiction, '\ a? wwldj bcj loiiade -by rapid 
triangulation. There is ^..disfMlyflJitage,] hQweyei', n^ iho BXQgle-line 
traverse for main control in that there is no check on mistakes in 
distance. • i/. .•'•.«»''; ..» • ,*/\\ i. v)) 

134. If the triangulation system has estabUshed a known point on 
which' to close iHetratei^^, weU i^nd good|'bflt<if'th6re!hdtieTbeen no 
points established by trlati^atioii', the ttiftia ti'ttydrfe© intigt be'i-iui as 
a loop, closing on itself or be reaneasurcd as is A' &^ 'Hfid. ' The^folioW* 
ing procedure is preferred for this^ class of trayel-se f "ThiH^ilgb ttfie origin 
ia true horthHand-south lin^e Will have been laid -■ oai, ■ > The fllst set up is 
oy^r the point o< origiri; and instrument is serfeJl^'read^^«f(> pointing t6 
ft pin in mse 'meridi$.n! soutli' of the* origin.' ! T'hii^ pin « the orientation 
station for the first set up. . ' 

135.! At the flrsrt station;— ^Party arrives at -ihe first knpWn position. 

L Transit is set up carrfully over the Btation, With tripod screws 
undamped. ILevel approximately; bentertl^e' im^trument > accuratdy, 
with thie plumb-^bob just abov^ the mark. • (5lam|) khti tripod- legs.' 

II» Level with telescope level. Lower the nfeiedlfe; Measure and 
record height of instrument. ' ' ' < ' • » •- 

III. Set the '^^A'^ v^miier to tead the aaimuthtothe orientation 
point.- If the A and B vfemiers do not agree in minutes, so ^et ♦* A'* 
that the mean of the mimites on A and'Bwiil be the correct aaimtith. 

IV. With the lower motion/ sight acciirately on thfe orienting feta- 
tion, clamping securely below. 

y. Read and recbrd magnetic bearing. Reodrcler makes' note of 
declination. (Even with localattmction, the needle will ch^k the 
front with the back sights from the same station.) • ^ 

VI. Unolamp above and take side^fehots, if any^,it^Bading (l4 stadia^ 
(2) control vernier *^ A/' (3) v^tibal angle. In^tahing iftiese side shotd, 
clamp the alidade^ lightly. , .. i . .i /. >' ; i .', 

Vn. After the last side shot, sijght bgain' oft 'thef orienting station, 
checking the vernier reading. Plate levels are dbser^ed to s^ethat 
the instrument has not eotten' ooit of leveL . i' <» • 

VIII. The front ro^an, having chosien the new' station with 
respect to the conditions of having a good -line* Inirtiier on^tono^ 
graphic controj qjid proper distanqe.froin the inst^rnmeint,.^ (Signaled 
^up. '' He pirpsents tho.ojlgo pf Jii^ rp4 yer,ticfi.lly/9iv^,tb^.ft(BV mark. 
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IX. At thld' itisti*ttm*ttt 6igh<i cr««ref ^y with* the tipper motion on the 
new station, clamping firmly. Signal the front rodman, who then 
presents the flat stadia rertically orer thi9 mark. The rod rests on 
the mark, not on the ground. 

X. Read and record (1) the stadia intercept; then set the horizon- 
tal wire on the stadia number corresponding to the HI. Glance at 
the plate levels to see if the instrument is still level. Read and record 
in order (2) control Vernier **A,/" (3) vertical angle, (4) check ver- 
nier *'B,'' (5) magnetic beating (needle). The 'recorder repeats all 
readings- as given, notifj^ng the observer if the vernier readings or 
the magnetic tending do not check. (See par. 139.) 

XI. Signal down the front rodman. Raise and clamp the needle. 
Put telescoi)e in carrying position. Loosen the lower motion. Ob- 
server with instrument ana recorder move to forward station. Rear 
rodman stays at the station. ' » ' 

136. At the second station. — 

I. Set up accurately as before, level with telescope level. Un- 
clamp the needle. Measure and record the HI. 

II. Check the reading of the "B'' vernier, which at this station is 
control. If there has been a slip, reset the ^'B'' vernier at the same 
reading the ^^B" vernier had on the last foresight. Signal **up" the 
rear rodman to present the edge of his rod vertically over the old 
station. 

III. With the upper motion still clamped and the telescope direct 
(not ^'plxmged'') sight carefully with the lower motion on the rear 
station, clamping firmly. 

IV. Signal the rear rodman to present the flat of his rod vertically 
over the mark. Read and record the stadia intercepts, the recorder 
noting the check with the former fore shot. 

V. Set the horizontal wire on the stadia number corresponding to 
the present HI, glancing at the plate levels. 

VI. Read and record m order (2) control vernier ^'B, '' (3) vertical 
angle, (4) check vernier ''A,'' and (5) magnetic bearing. Recorder 
notes if the verniers check, if the vertical angle checks with former 
front shot. If the vertical angle does not check, remeasure the HI, 
relevel with the telescope level, check the vertical circle adjustment 
and reread the vertical angle. Take this value as final, the recorder 
making special remarks to that effect in the notes. 

VII. Signal down the rear rodman. Read the necessary side shots 
as before, clamping the alidade (upper motion) lightly. The first 
side shot should be weU-defined landmark, preferably at least 800 
feet distant as an orientation check. On this shot read and record 
both verniers and the magnetic bearing. 

VIII. After taking the last side shot, call up the front rodman who 
has chosen the new forward station and who presents his rod as 
before. 

IX. CJheck the azimuth on the orienting point (first side shot), 
noting that the instrument is stiU level. 

X. Sight carefully on the forward station, clamping the alidade 
(upper motion) firmlv. Then read and record as before (1) stadia, 
(2) control vernier C'B" for this station), (3) vertical angle, (4) 
check vernier ''A,'' (5) magnetic bearing. The "B'' vernier has 
remained control for this station. 
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XI. Qamp the needle, loosen the lower motion, put the instru- 
ment in carrying position and move forward afiain* 

137. At succeeding stations. — ^Proceed as above. **A" and *'B'' 
alternate as the control vernier. In this way, the azimuth is carridd 
forward without introducing errors of coUimation, and errors due to 
eccentricity, inclination of the horizontal axis and vertical circle 
adjustment, are automatically balanced and corrected. 

138. If, on closing on a triangulation station or closing the trav- 
erse on point of beginning, the azimuth is not out sufficiently to 
indicate a mistake, the error in azimuth will be divided by the num- 
ber of stations and distributed, the changes being noted in ink in the 
note bpok. It will be noted that the control vernier gives the degrees 
of azimuth. The minutes taken will be the mean of the minutes of 
the two verniers. . 

139. Hethod of recording traverse notes. 

L, A. traverse from A Amn to A Agcma. 



station. 


Stadia. 


Azimuth. 


V.A. 


Difl. EL 


From— 


To- 


H. Dist. 


Control. 


Check. 


Elev. 


04 
03 


©LAZ 

AAsan 

Mean 

LAI 

AChachao 


525 
820. 

820 

035 

935.5 

936 

347 

348 

349 

135 

134.5 

134 


o f 

152 06 
320 41 

'140 41 
314 57 


o / 

332 06 
140 21 

320 41 
134 57 


o / 

-0 01 
-0 41 
+0 40 
+0 40 
-0 06 
+0 06 
+0 07 
+0 05 
-0 04 
-0 04 
+3 25 
24 
-3 24 
+1 11 


30 
30 
30 
30 




©LAZ 


134 57 
310 28 


134 57 
130 28 




©LAI 


. 130 28 
45 10 


310 28 
226 10 




AAsan — 


225 10 
179 32 


45 10 
259 32 











140. The azimuth error distributed, the differences in X and Y 
are computed as stated in paragraph 131. 

Care must be taken to give the computed latitudes and departures 
their proper signs. With azimuths reckoned from the south point 
as zero and in the direction of the movement of the hands of a clock; 

For azimuth between and 90, latitudes are negative and depar- 
tures are negative. 

For azimuth between 90 and 180, latitudes are positive and depar- 
tures are negative. 

For azimuth between 180 and 270, latitudes are positive and 
departures are positive. 

For azimuth between 270 and 360, latitudes are negative and 
departures are positive. 

141. If the azimuths and lengths of courses had been exactly 
determined in the field and no error has been made in computa- 
tion, the survey would close, that is, the sum of all the plus latitudes 
(northings) would equal the sum of all the minus latitudes (south- 
ings) and the sum of all the ''eastings" would equal the sum of all the 
'' westings." Such exactness is, of course, not attainable and the 
sum of all the ''northings" will not equal the sum of all the "south- 
ings," nor the "eastings," the "westings." 
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142. The total error in latitude is the difference between the stun of 
the northings and the sum of the southings. Similarly the total error 
in departure is the difference between the sum of the eastings and the 
sum of the westings. 

143. As the errors in latitude and departure are those due to dis- 
tance alone (the error in azimuth having oeen distributed before com- 
putations), the corrections should be applied according to the lengths 
of the courses. The rule is:^ The correction to be applied to the 
latitude of any course is to the total amount of the error in latitude 
as the latitude of that course is to the sum of all the latitudes (with- 
out regard to algebraic signs). A similar rule determines the cor- 
rection in departTire for each course. The corrections to latitudes and 
departures of each of the courses having been applied, the total lati- 
tudes and departures (coordinates) of a station are found by adding 
algebraically to the latitude or departure of the initial point of the 
traverse, the algebraic sum of all the latitudes or departures of the 
preceding courses. These coordinates are used for the plotting of 
the stations. 

144. The main control traverses having been run, computed, and 
adjusted as above described, the stations of the traverse are plotted 
in ink, station numbers and elevations being noted in pencil. This 
done, a careful tracing of all the data on the projection sheet is made 
on vellum, cut to a size to fit the engineer sketching board. Each 
topographer is given one or more of these field sheets to fill in. When 
practicable, the areas assigned to a topographer wiU be those over 
which he and his party have been engaged in runnii^ the main trav- 
erses. Boundaries of these field sheets should be roads, railroad or 
trails. If this be impracticable, then well defined physical feature, as 
streaius or cutting through brush and timber, 

VERTICAL CONTROL. 

145. Over the main traverse lines it is advisable in most cases 
to run a line of levels. (Par. 205.) 

SUBSmiABY CONTROL. 

146. Each topographer now proceeds to complete the control of 
his area. His procedure will be as follows: Beginning at a con- 
venient "fixed" point in his area, he runs, or causes to be run by 
his assistants, flymg transit and stadia, compass and notebook, or 
sketching board traverses; using stadia or aneroid or clinometer 
for carrymg elevations, as may be required by the length and impor- 
tance of the line and as preferred by the individual. In this manner 
the topographer searches out the complete network of roads, trails, 
and streams for the entire field sheet on which he is aigaged. This 
network should be so complete that the contour sketcher will need 
do no adjusting in his work. This will require that the distances 
between subsidiary traverse lines or other fixations should not 
exceed 1 mile on the scale of 1 mile to the inch or in general 1 inch 
on the map whatever the scale. 

147. It IS to be understood, of course, that the subsidiary traverses 
run by the topographers between points of higher control, etc., 
must not be plotted on the topographers record sheet until they 
have been properly adjusted. In long important lines, the adjust- 
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ment wiD. b© made by latitudes saad d^iairtiiresj as. descnbeid for 
main tparers© lines. In the shorter linea, tdiese Computations ajfe 
not justified and the graphical methods iiadieated in ^gures 12 land 
13 will be used. . 

148. Figure XII shows method of gta]>hical. ia,djustment for a. trav- 
erse run between two points, the positions of which are already- 
plotted on the record sheet Proceed as follows: 

Plot the traverse, as aetuaBy measured in the field. In plane 
table work, of couise, this is alrea»dy done; Draw a Hne -A B from 
the begin n ing point to the ending point of the plat. Now from the 
record sheet measure the straight line distance between the record 

Eoaitions of A and B. Measure off this distance from: A on hne A B. 
iall the end of the distance ft. 

Take any convenient point O and draw G A and O. B/* Now from 
h draw line parallel to O A. * Where this lioie! crosses 0^B is. new 
position (BO for B. Prom B' draw Hne parapUel 't6 A B.. ■ Where 
this line intersects A O is new position of A* ^ 

To find new position of station 1, draw line from A' parallel to Al 
and where it intersects 01 is now. poaition iV).x)ib 1. J^rom 1 draw 
line parallel to 1-2, etc. 

The traverse A', 1-, 2'-*'B' is now adjusted and can he traced ofif 
onto record sheet. i • ■ « . . > 

149. JFigure XIII shows method when a circuit is run from -a known 
point back to the same-jioint. Plat the traverse as measuired in the 
field. The point A' should be at A, but, due to errors, d6es not so 

f)lat» On a long straight line O A lay bff from O, in: siiccessibn, the 
engthfl of the courses (A-1, 1~2, 2h3, etc., -i-^ — IBt^A^. From 
the end of lAm hne lay off in any convenient direction the line A B 
equal to the error in closure A'A. Connect the outer' end of. this 
offset line to O. Now from each succeeding station point on the 
lom line, draw a Une parallel to the offset line A B. 

fe^turning to the vUt of the tramera^^ draw through each, plotted 
station a Hne parallel to the final closure line A'A fiijid in the, direc- 
tion of the closing station. On each hne lay off its respective offset 
length, giving new positions for eaoh' station. Connect these new 
stations and the traverse is adjusted, 

SKETCHING. 

150. The field sheet which has be^ thus prej^ared con-sists of a 
network of traverses along roads, trails, streams, and across country 
with the horizontal detail along these traverses, with stations and 
easily identified objects shown in thlaip proper adjusted locations and 
with their proper adjusted elevations given. It is the contour 
sketcher^s task to go over the area assigned to hini^ sketching the 
drainage, culture, and forms of relief; generalizing the features to 
suit the scale and purpose of the map. The course in sketching will 
have taught the sketcher ho^ to sketch rapidly. He must, oti this 
work, follow similar methods, but ''Watch his stdp,*' as the rxwb must 
answer severe tests. Especial care must be taken to- see that all 
prominent landmarks are so located that they may be later used as 
orientation points in sketching or map reading. 
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LESSON xxn. 

MONUMENTS, OFFICE RECOBDS. AND DRAFTING. 

151. Any properly made survey consists of three distinct parts. 
These are: (a) Permanent marks or monuments oa the erotind, (h) 
complete records of the field work, properly filed, and (e) the pub- 
lished sheets or copies ismied for use. 

(A) MONUMENTS, 

152. A map represents to scale a certain portion of the earth's 
surface, everything shown being j)resume,bly properly located with 
respect to everything else, but if it ever becomes necessary to add 
new matter to the map or if we wish to extend it over a greater area 
or to incorporate it as part of a larger survey, we must be able to 
locate the same points both on the map and on the ground. Only a 
limited number of points in any map have their positions with rela- 
tion to each other determined with great care. In the case of tri- 
angulation these are the triangulation stations; if the survey was 
controlled by traverses, they are the traverse stations. If, then, we 
put in permanent marks at each triangulation station, or, in the case 
of traverse control, permanent marl^ at certain traverse stations 
and also show these stations on the map, the relation between the 
map and the ground is estabUshed for as long a time as the monu- 
ments are undisturbed. 

For the same reasons it is also essential to leave permanent level 
bench marks on the ground and to show their location on the map. 

(B) OFFICE RECOBDS. 

The real map is the office record, the maps issued being copies 
of it. The office records consist of the field-instrument notes, the 
projection sheets on which the control is plotted, and the field topo- 
graphical sheets. AU office work should be plotted on double- 
mounted drawing paper, which is little affected by atmospheric 
changes and practically uniformly in all directions. These records 
muflt be filea so as to be easily accessible at all times. Double 
mounted paper, or, for well-controlled work, single mounted paper 
or vellum is used for field topographical sheets. Celluloid is very 
useful for field topographical sheets in regions where there is mucn 
rain or dew. 

(C) PUBLISHED COPIES. 

Copies issued for use may be blue prints from a tracing, black 
prints from a paper negative, or-hthographic copies. For any large 
issue the usual mihtarv practice will be to print from zinc plates. 
(See Map reproduction.) 

DRAWING. 

153. The essential requirements of a good topographical drawing 
are accuracy and deamess. By accuracy is meant a faithful exhibit 
of measurements and observations made in the field, or of data taken 
from other maps. Clearness involves absence of confusion or crowd- 
ing, and neatness in execution. Beauty and pictorial effect are ob- 
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tainable by skilled draftsmen only, and while always desirable, are 
rarely necessary. Persons who are not skilled draftsmen should 
not attempt pictorial effect, as it will detract from accuracy and 
clearness without substituting anything of equal value. 

Avoid umiecesaary hoMe in plottmjg and drawing. If possible, take 
time to check carefully all azimuths and distances plotted and be 
STU^ they are exact. There should be no approximation on the 
drawing board. Although an observer may have simply guessed a 
distance to be 650 yards in the absence of other inf carnation, the plot- 
ter should be careful to lay it down at exactly 550 yards. 

Start with clean paper and keep it as clean as possible. In the 
office, wipe off the instruments before using, especially rulers, scales, 
and triangles. Dust the drawing carefully before beginning work. 
Dust agam when stopping and cover with a cloth or paper. If 
necessary, dust the drawing and wash the hands occasionally while 
at work. 

Make all ink lines firm and very black. — ^A drawing to be made in 
ink is usually drawn first in pencil, and in such cases a very hard 
pencil (4H or 6H) is best. If the pencil drawing is to be traced, a 
softer and blacker pencil should be used, but must be kept well 
pointed. 

India ink in stick form gives the best results, but the time required 
for proper grinding precludes its extensive use in military field work. 
The prepared india inks in liquid form are ready for use and are 
satisfactory. They must be kept well corked when not actually 
filling a pen. If the ink gets thick in the bottle so that it will not 
run Seely from a fresh-filled pen, add a little water. 

Papers. — Manila paper of cream or buff tint, usually called 
detail paper, is suitable for sketches and drawings which are to be 
traced or used in the field. Only the better grade stands erasing, 
and that imperfectly. This paper comes in roUs 36, 42, and 54 
inches wide. It may be ordered by the poimd or yard. 

White drawing paper may be had in rolls or sheets mounted on 
muslin or unmoimted, Whatman's cold-pressed fine-grain is most 

feneraUy usefid. It comes in sheets of names and sizes as follows: 
Loyal, 19 by 24 inches; Imperial, 22 by 30 inches; Double Elephant, 
27 by 40 inches- Antiquarian, 31 by 53 inches. Roll papers are 27 
to 63 inches wide. 

Sheet papers unmoimted and kept flat are best for field topo- 
graphical use. 

It a blot drops on the drawing, take a piece of blotting paper, 
tear a corner or edge to expose a iresh surface, and hold it in the olot 
without touching the drawing imtil the 8iu*nlus ink is absorbed. 
Then press a dry blotter firmly on the spot ana let it dry thoroughly 
before attempting to erase. A piece of newspaper mav be used 
instead of blotting paper, but should be slig:htly moistened to hasten 
the absorption. For a lai^e blot several pieces may be required. 

Erasers for ink are of steel or rubber. A steel eraser or penknife 
must be very sharp to give good results. An eraser of grittv rubber 
is most generally used. It is best to use an erasing shield of thin 
metal or celluloid, which exposes the area to be erased through one 
of the openings and protects the rest. 
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TrjBbtihg Kfierh m vkadSfy diM'-haxitdfrhsmog-^ (in^iBiii& ^zed ahd the 
6tjher dvJld Era^in^ cad.: be doBe on^rthej^ieAbd .9id0-<HBtl^. .The 
glazed side is used forink laikd the duU^side.fbr ipdmsil ^oork; jThe 
glazed side jrequireBtprej^airatiQii before -use) tb rditio^e '/excess of 
par^Kffiii) which preTents ink firpm imiiDaixiiig ^pmH.axid dogs the pen. 
Kubbing hard with fresh blotting p&per.is: theisdmpkstlmjeibhod. 

Tracing paper is idikeioa botlh. sides* It wiUi:n<»t jeirase; Most 
vArietiea are less transparent than. traciflOig dloth.' i' .Ijm. i 
-loi traciiigy it is helpful td use a'duU^pdbtediiiistcuBieiit in the 
left hand — a stains oc top of a penhoMedr-Hfebprte^ the hdetniagiunst 
the drawing at the point wherethe p^n .is(rc5S*^iig, . ' . - , . 

, BNtA{tQEa^E^nr,ANPtBS»tiCTiK^K. j 

154. The simplest method is hy scjiiares. Divide ,the original into 
squares of 2 inches or less by hnes.di^awn parallel to the borders. 
Divide the paper on w:hich the c^pyis. to.l?e.jM,de mtosKW^es with 
sides corresponding to tne same jcustajibe ph the scale qi the copy 
that the side qf a square oa th6 original itself does, tQ. the scale of 
the original. If a plotting sc^Je hi the prigjiiaj be placed oln thQ side 
of a square on the original and the plotting scale of the copyon jthe 
^ide of a square of tljie cppy the yead^ngs shpidd be, the; ;sai)ae. , The 
square on the copy will be larger if t^e drawing is' to be enlarged 
and smaller. if ip is to be reduced. The ratio. between tte sides of 
the squares on, the original aad ihe copy 'is the 'ratio of reduction or 
erilargement. This ratiQ ih^st'not be copfused witn the ratio of 
areas of the two maps, which is different. and not unpbrtaui ■ 

; Select ,a» square of the origin^ and reprqducq its contents i^^ the 
corresponding square of the copy, or take a feature of the prigii?.'al^ 
as a road or stream, and trace its ^oovirse through several^ squares. 

Usually the position of a point, in a. square or on one. of the sides 
can be estimated with sufficient accuracy. .Important points 'may 
be located by measurementi of distances from the ^nearest sides of 
the squares, using the scale of the map a^d the scalp of jthecopy, 
respectively. :. . . . . .- * J 

Instead of draViug the squares oh thei pri^al^ 'mey may j^e drawn 
on tracing linen or paper laid over it, or fine threads npiay be stretched 
to form wie squares. Every drawing board should haye ia scale of 
inches on each edge marked with fine. saw-cuts, qr ynta sinall. tacks 
to facilitate the drawing of squares. ' . 

characteb op work. 

155. All lines must be clear, ^harp, ^nd distinct, dmwnol- printed 
in jet black, waterproof ink. Colors will hot be used 'except when 
clearness of represent Atibn absolutely demands tiieir use; special 
pains will be taken to avoid tbein in dmwiiics inttoded f 6r puplit^a* 
tiou. So far as practioablei uniforfiiity oi^2» mtist toe'Da^amtained 
in figures or letters presenting a partivmlar -kiikd of inl^irtiiation, such 
as sotmdings, eleyations. names of proprietonfe, names of minor 
towns, names of counties, etc., and figures and letters inust be clear, 
distinct, and readily legible, especially on drawidgs' ihtended for 
pubUcation, in which case the letters ttnd figures must be made of 
size large enough to avoid blurring and obscurity when reduced by 



TOFOGBAPHY; MAP R&ADXN0> :A^I> a£€K)^NAlSSA])JrOB.: 



5&* 



photolithography. The use of type for letters and figures and of 
nlms or roflers for representing typographic features is recommended. 

The title should be placed in the lower right-hand comer, imless 
use of this spac^ for other matter is ab^omtely xmavoidaole. If 
practicable, tne size should not exceed 5 inches by 5 inches. The 
use of such words as ''Map of/' ''Plan off is thought to be unneces- 
sary. The approval of tne officer in charge win be placed near, 
and preferably at the side of the title. At the upper left-hand cor- 
ner {and outside of the border, if a border is used) the words "War 
Department" will be placed; and at the upper right-hand comer. 
in similar position, the wording "Corps of En^eers, U. S. Army," 
will be placed. When the title is not placed as "above, abr^ef title 
will be placed outside the border, on lower right-hand comer, to 
identify the drawing. 

A graphical scale should be shown in all cases, and a statement 
of the scale may be added when useful. Drawings pubmitted for 
publication must be prepared with a view to reduction to the smallest 
practicable compass, md they must bear a statement in pencil, on 
the lower margm, of Ihe amount of reduction contemplated. All 
maps are usually reduced at least one-third. 

The true meridian should be shown on all maM pr charts of land 
or water areas, if known, and the magnetic declination should also 
be given. 

In the case of topographic or hydrographic surveys, a brief descrip- 
tion should be placed upon the map or caart, in taomar form, of the 
principle triangulation points or bench marks, including the general 
location and cha]tiu)t^ of the mouuments or bench marks, the 
coordinates and the elevation. Whenever possible the direction of 
water flow of "all Waterways must be indicated by arrowlMads point- 
ing in the direction toward which the water moves. Tidal flow 
must be indicated by double or multiple arrowheads. 

The following are the standard topographical symbols aad styles 
of lettering to be used on all maps: 



A Arroyo. 

abut Abutment. 

At Arch. 

b Brick. 

B. S BlackBmith shop. 

bot Bottom. 

Br Branch. 

br Bridge. 

C Cape. 

cem Cemetery. 

fon Concrete. 

fov Covered. , 

f> Creek. 

d Deep. 

cul Culvert. 

D.S.... Drug Store. 

E East. 

Est Estuary. 

^ fordable. 

Ft Fort. 



ABBREVIATIONS. 

G. S General store. 

gir, Girder. 

G. M....Grffltmin: 

I Iron. 

I... Island. 

Jc Jimction. 

k.p King-post. 

L Lake. 

Lat Latitude. 

Ldg Landing. 

L. S. S..LifeH3aving station. 

L. H Lighthouse. 

Long Longitude . 

Mt Moimtain. 

Mts Moimtains. 

N North. 

n. f Not fordable. 

P Pier. 

pk Plank. 

P.O.. -Post office. 



Pt.:^.;. Point. 

q .p Queen-post. 

R.......Riv». 

R. H. . .Roundhouse. 
R.R.... Railroad. 

S South. 

B Steel. 

S. H. . . Schoolhouse. 
S. M.. .Sawmill. 

Sta Station. 

St Stone. 

Btr Stream. 

T. G....Tollgate. 

Tres Trestle. 

tr Truss. 

W.T... Water tank. 
W. W.. Water Works. 

W West. 

w Wood. 

wd Wide. 
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Bnd§9 

Indicate character and span fay abbreviations. 
Example: ^^pS. 

Meaning wooden kingpost bnd§s.40feet lon(.20feet wid^, 
and id feet above me water 

Streams ^ . ,,^»^. ^^ 

Indice^te character, by abbrevlatione. 

Mearanj^astreamefeet wide.6feetdMp.Md not fbrdbUe* 
House • Church* School house «*SiK 

Woods i^^ QrchardsET!t CdtivatedLandloKI 

If boundary lines are fencee th^ are .indicated as suck 
Brush, crops or grass, important as cover or fbrajB g;; gvgp| 
Cemetery (^^♦»%( Trees^isolatod *••. 

Cutandfll- ( ^ ; cutlOfeetde^ 

; ^2 ) fill K) feet hijh 
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Hood, Cro88in0m ... 

OratU ..- ^ 

Abey€^ OradB^- . ... 

JM^wGradm^ ^. 
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impression on the zinc plate. Absolute contact between plate and 
negative is most important and consequently the printing frame and 
glass are heavy and considerable pressure is apjdied. While the 
sensitized plate is affected by li^ht, it is entirely practicable to carry 
out the above-mentioned operations without hurry in the Ught of an 
ordinary room, without damage to the plate. It is omy really 
sensitive to the rays of stmlight or intense artifidal li^ht. 

The plate is now exposed to sunlu^ht or artificial li^t and by this 
action the albumen reached by the fight rays is rendered insoluble in 
water, while that not so acted upon remains soluble. The time of 
exposure is dependent upon so many conditions that it must be 
arrived at by a beginner by experiment* As a guide it may be 
stated that a zinc plate sensitized as above and exposed under a 
perfect negative to the rays of the sun during July and August 
i>etween 10 in the morning and 3 in the afternoon in the central part 
of the United States wiU take a 1^-minute exposure if the drawing 
to be produced consists of ordinary heavy Knes. 

After exposure the plate is taken from the frame and laid on a level 
surface and immediately rolled up with etching ink. The surface 
upon which the plate is laid must be absolutely a plane or distortion 
will result. An ordinary lithograph stone makes a most excellent 
bed for this purpose, but a heavy block of wood with care may be 
made to serve. The exposed plate is evenly coated with the etching 
ink, rolling it up in two directions at right angles to each other. 
Very little ink is used and the yellow of the film diould always show 
through the ink. 

Etching ink is a trade preparation resembling ordinary black 
Uthograpnic ink, but it has a greater proportion of resinous material 
and less coloring matter. A very small quantity, about as much 
as can be placed on a 5-cent piece, is worked up with the mixing 
knife and then spread upon the ink slab (which must be plane sur- 
face) and rolled out with the roller until both slab and roller show 
an even coating of ink. If the ink is too hard to work up it may be 
thinned with a drop of aniseed oil, but great care must be used to 
thin the ink only enough to make it work, otherwise it will not have 
sufficient body when applied to the plate. Rollers must be frequently 
washed with tiirpentme to keep m proper condition. 

The preparations for applying etching ink are supposed to have 
been made prior to exposing the plate, as any delay m working up 
theplate should be avoided. 

We now have a zinc plate covered with a Lichromatized albumen 
film, portions of which, corresponding to the lines, etc., on the original 
drawing, have been rendered insoluble in water by the fiction of 
Kght. The whole surface has then been given a coating of ink. 
The plate is now washed, rubbing the surface gently with a tuft of 
cotton. If the plate has been correctly exposed, the albumen cor- 
responding to the whites of the original drawing wiH be readily 
removed, taking with it the ink, and there will be feft the reverse 
of the drawing m ink lines on an otherwise clean zino plate. If the 
plate has been underexposed the Unes will b^in to disappear early 
m the washing and another plate with longer exposure should at 
once be tried. If overexposea the ink will smear over the plate and 
the whites will not come up. A slight overexposure may sometimes 
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be corrected by adding a few drops of stronger ammonia to the water 
in the washing tray. 

As the zinc plate will usually be larger than the negative used in 
exposure the outer edges will have been exposed and rendered 
insoluble and will show a black frame around the reproduction. 
This must be removed by scrubbing with pumice stone and a cotton 
tuft. 

Take the plate from the tray and dry it by patting it with a damp 
chamois skin; do not wipe it as the lines may smear. Look carefully 
ov^ the reproduction, and if there are any lines missing paint them 
in by means of a little etching ink moistened with turpentine and 
appbed with a red sable brush. Also remove any mmecessary ink 
spots on the plate. Be careful in this work not to touch the plate 
with the arm or hand for fear of smearing. 

From this point on the development of the plate is the same as 
in the autographic process and will not be again described. 

PRINTING FROM ZINC PLATES. 

160. While the plates have been etched so as to give the image a 
slight relief the main principle involved in the pnnting from zinc 
plates is that *' grease attracts grease and is repelled bv water." 

Tlie gummed plate, having (hied, is wiped over with a damp rag 
to remove surplus dry gum. After that it is gone over before each 
rolling up witn a rag moistened in water with a little dextrin in it 
to keep the plate from drying too rapidly. The proper proportion 
is usually obtained by taking about one part oi the solution for 
gumming plates and mixing it with eight parts of water. 

A smdl portion of Uthographic ink is thoroughly worked up with 
an ink knife. (This ink slab may be a piece of polished marble or a 
hthographic stone.) The ink is then thoroughly distributed by the 
roDer. Never put ink directlv upon the roller. Do not put varnish 
in the ink, but be careful to nave the roller saturated with varnish. 

The roller being now inked up, the plate, which must be on a perfect 
plane surface, is wiped over with the damp rag (dextrin mixture), 
and the roller is passed once over and back, quickly if the ink is soft 
and liquid, slowly if the ink is very stiff. Tlie gummed portion of 
the plate takes moisture from the rag and wUT reject tne greasy 
ink upon the roller. The lines being greasy reject the wetting and 
take the ink. When first working up a plate it should be inked 
and wiped several times, and it may then be necessary to make a 
half dozen impressions before a satisfactory one is secured. If an 
ordinary shding contact hand press is used, the plate can be inked on 
whatever is used as the bed of this press. If the clothes-wringer 
press is used, a separate surface wUl have to be provided for inking 
up the plate. To get an impression the paper is laid upon the plate 
immediately after rolUng up, it is passed through the press, and when 
taken off it wiU show the impression. 

Avoid flat and glossy paper for printing purposes. If you have to 
use it fan the plate dry after each rolling up or the paper will stick. 

If in rolling up some of the whites take ink, it is because, due to 
carelessness, the entire plate was not covered in the wiping with the 
damp rag. Go over it again with the damp rag and then give it a 
very quick roll and the ink will be removed. If the plate blocks up 
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and the lines of the impression become blurred, ^um the plate with a 
rather thick solution of dextrin, and, while the dextrin is still liquid, 
wash off the plate with turpentine, being careful that no pressure is 
exerted upon the lines. Tne ink being removed keep the plate for 
several mmutes imder running water in order to remove the turpen- 
tine. Then gum up with the ordinary solution of dextrin and let the 
gum dry. The plate prepared in this way can be kept for years. 

There is almost no Emit to the nimiber of impressions that can be 
obtained from the good plate which is taken proper care of. In the 
choice of papers to be used, some discretion is necessary if very par- 
ticular results are to be obtained, and the papers should be selected 
after experiment has established their suitability. 

Direct methods. — It may not always be practicable to make a brown 
print negative of the drawing to be reproduced, owing to lack of 
paper, nor may it be possible to make and strip a photographic nega- 
tive. The reproduction can be made directly from a tracing, or if 
the drawing be on opaque paper this may be rendered translucent by 
the appUcation of '^banana oil," or a mixture of 3 parts castor oil 
and 10 parts alcohol. The impression on the zinc plate may be 
obtained by one of the following methods: 

(a) 1. Prepare sensitizing solution: 

Albumen 1 oz. 

Water 6 oz. 

Ammonium bichromate 27 grams. 

Ammonia, 28 per cent. 6 drops. 

2. Sensitize a polished plate by ** flowing" twice with the solution. 

3. Dry by whirling over heat, beuig careful not to heat plate any more than is 

absolutely necessary. 

4. Let plate cool. 

6. When printing from tracing, give 40 seconds at 8.30 a. m., with good sun- 
light, decreasing time as sun gets stronger so that by 10.30 a. m. time will 
be from 25 to 30 seconds. 

6. When printed, roll up with stiff etching ink. Put on thin coat of ink and 

smooth out with smooth leather roller. Ink and roller should be free from 
dust, or pin holes will result. 

7. Place plate under water tap imtil all lines are clear. Going over surface 

with a tuft of cotton while holding under tap will assist in removing ink 
from lines. 

8. Immerse four seconds in solution of 2 oimces nitric acid to 3 gallons water. 

9. Remove from solution and wajsh thoroughly to remove acid. 

10. Dry plate by patting with chamois skin. Dry back of plate with rag. 

11. Warm slightiy over stove to complete drying of lines. 

12. Boll up witH the same etching ink, using '^ composition" roller. Put on 

medium coat of ink and roll into lines with smooth leather roller, or by 
continued rolling with composition roller without the addition of any- 
more ink. 

13. When lines show black through coating of ink place plate in a 10 per cent 

solution of 28 per cent acetic acid and water. Rock tray for one or two 
minutes, then start removing ink from ground of plate b v dragging medium- 
sized tuft of cotton over surface, rlate should be clear in ^\e to seven 
minutes. 

14. When clean remove and rinse, then dry by whirling over heat, let cool, 

then powder up, bum in, etch, and print as usual. 
(6) 1. Expose a sensitized zinc plate under the drawing. 

2. Develop in the usual manner. This gives white lines on a black ground. 

3. Etch the plate long enough in the nitric acid bath to give a slight depth 

to the lines. 

4. Wash and dry. 

5. Rub ordinary asphaltum paint into these etched lines and dry. 
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6. Scour whole surface of plate with charcoal stick. The lines which con- 

tain the asphaltum paint, being deeper than the remainder of the plate, 
are not affected by tne charcoal stick. Thus there is obtained a ponshed 
plate bearing the impression in depressed lines filled with a^haltum 
paint. ' 

7. Etch the plate again. This takes down the whites and leaves the asphal- 

tum liies in relief. 

8. Gum up and dry, lesudv for use. 

Excellent results may be obtained by this method, which, however, takes 
a little longer than when using a negative, on account of tne.time required 
to scour the plate. ^ 

Field expedients. — ^It is entirdy possible that work which will give 
satisfactory rough results in the neld can be done with a much re- 
duced apparatus. For instance, it has been found that impressions 
can be gotten without the press by simply laying the paper on the 
inked zanc plate and passing a rubber roller over it so as to press 
upon all parts. There is a tendency for the paper to shift and give 
a blurred impression, but this can be sufficiently avoided by a httle 
care, thus disposing with the press. 

It has also been found that a satisfactory exposure can be made 
by placiog the negative uj)on the sensitive side of the zinc plate, 
fastening it in any convenient manner, then bowing the sensitive 
side of the plate to the front, which will stretch the negative and 
give fair contact. During exposure the plate must be so moved 
as to give all portions an . even illumination. The above are, of 
course, makeshifts ajid will not give such results as are usually de- 
sired, but they may save the day in an emergency. 

Negatives. — If the original be a tracing the best negative is a 
brown print. This negative is made in the usual manner on thin 
paper and is placed brown face down upon the zinc plate. ^ 

Photographic negatives: 1. Make the usual photographic negative 
on a ^ ^stripping'' plate, strip off and place, reversal, upon a clear 
plate. To print on the zinc plate, place film side down, thus giving 
reversed impression. 2, Expose a ^'process'' photograpnic dry plate 
in the camera backward — that is, with the emulsion side away irom 
the lens, correctinjg the focus for the thickness of the plate. Develop 
as usual. To print on the zinc plate, place emulsion side down. 
3. The most satisfactory method of producing photographic nega- 
tives for Uthographic work is the ^Vet-plate'' process. This, how- 
ever, is not adapted to field purposes. 4. The cameragraph: This 
apparatus wiU make at a single operation a positive negative brown 
prmt by which to transfer any drawing to a zinc plate. It consists 
of a copying board on which to place the map or drawing to be repro- 
duced, a camera fitted with a reversing prism, and specialattachments 
for carrying a roH of brown print paper, a developing and a fixing bath. 
To produce a negative, sufficient paper therefor is led down from the 
roll into the focal plane and the exposure made. By means of a 
mechanical attachment this exposed piece is cut off the roll and is 
then fed through the developing and fixing tanks, removed, and 
dried. Full directions for operation come with the cameragraph. 
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PABT n. 

DETEBMINATION OF AZIMimS. 

161. The compass is the standard instrument for the determination 
of azimntlis in topographical reconnaissances. It consists of case, 
needle, dial, pivot, and stop. 

The dial may be fixed to the case or it may be moYable, that is, 
moving with tne needle to which it is attached. The stop raises the 
needle from the pivot and clamps it against -the glass cover. A good 
compass must have a needle sufficiently magnetized to settle accu- 
rately and a pivot which is true. If the needle becomes too weak; 
it may be remagnetized by rubbing gently from pivot to point on a 
permanent or electromagnet, each end of the needle to be rubbed 
on the pole of the magnet which attracts it. In returning the 
needle for another stroke, carry it a foot or more from the magnet. 
The pivot may be polished with Putz pomade or a similar substance 
on a soft stick. If possible, turn in a defective compass and get one 
in its place. 

A needle loses part of its ma^etism if kept for a long time out 
of the plane of the magnetic meridian. In storing a compass, there- 
fore, care should be taken to see that the needle is in the magnetic 
meridian with the N. end of the needle pointing north. 

A symmetrical needle tends to point downward toward the nearer 
magnetic pole of the earth. This displacement from the horizontal 
is called dip, and is measured in degree of arc. Immediately over 
the magnetic poles the needle stands vertically or has a dip of 90°. 
Near the Eauator, where North and South Poles of the earth exert 
an equal influence, the needle will be horizontal, or the dip 0. 

For reading azimuths the needle must be kept in a horizontal 
plane, which is done by a small movable counterweight (to overcome 
the dip). For' considerable changes in latitude, as in passing from 
the United States to the Philippines, the counterweight will require 
adjustment to keep the needle Jiorizontal, and in passing from the 
Northern to the Southern Hemisphere, the counterweight must be 
changed to tiie other end of the needle. 

There are two adopted forms of compass for topographical recon- 
naissance, one in which the dial is fixed to the case and one in which 
the dial moves with the needle to which it is fixed. 

THE BOX COMPASS. 

^ 162. The dial or face on which the graduations are marked is 
rigidly attached to the case. The type of box compass best adapted 
to running courses by azimuth is constructed as follows: The gradua- 
tions read counterclockwise continuously from to 360; the instru- 
ment reads when pointing south and 180° when pointing north; 
the E. and W. points, if marked, are reversed. 

To determine the azimuth of a line point the north and south line 
of the case along the line (the north point away from the observer) 
and read the N. end of the needle. The dial is graduated to single 
degrees, but when the needle is stationary the reading can be esti- 
mated to half degrees. 

Many box compasses are not graduated in the manner above 
dscribed. To use such compasses for azimuth reading they shoul'd 
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be altered to conform to the conditions cited. This is ordinarily 
done by pasting paper over the stamped numbers on the dial and 
renumbenng in ink or pencil. 

THE PBISMATIC COMPASS. ' 

163. The dial containing the graduations is attached to the needle 
and moves with it. It is read by means of a small prism, adjustable 
for focus. This prism is mounted on a hinge joint and can be turned 
down for carrying. The line of sight of the instrument is determined 
by front and rear sights, which fold down when not in use, at the 
same time stopping the needle. The needle may be compensated 
for dip by a bit oi sealing wax on the under side of the oial card. 
The graduations on the dial should be numbered so as to read azi- 
muths, as above described, beginning at the south point. If the 

¥'aduations are not so numbered, they should be altered as follows: 
he zero should be at the north end of the needle (which is on the 
under side of the dial) and the graduations should run clockwise 
continuously to 360^. It is to be noted tliat with sueh numbering 
the instmment will not read azimnths if used as a box compass. 
The index is a point on the case, and as the dial is movable the 
graduations are numbered clockwise, instead of counterclockwise, 
as in the box compass. Readings should be made through the prism. 
To determine the azimuth of a line with this instrument, adjust the 
prism imtil the graduations on the dial are distinct, raise the front 
sight; look through the slit in the prism plate and bring the front 
sight in line with the forward station; wien the needle comes to 
rest, read the azimuth through the prism. 

COMPASS ERRORS. 

164. The magnetic and the true meridian generally do not coin- 
cide. The angle between them at any point is called the magnetic 
declination at that point. If the needle points east of the true 
meridian, it is caUed an east declination; if west, a west declina- 
tion. Magnetic declination varies in amount and direction at dif- 
ferent points on the earth. The figure facing par. 166 (p. 80) is a chart, 
called an isogonic chart, which for the epoch gives, by curved 
lines connecting points of equal dechnations, the approximate decli- 
nation of points on the earth. At no point i( the declination constant. 
It is subject to the following variations: The daily variation consists 
of a swing from the extreme easterly position at about 8 a. m. to the 
extreme westerly position about 1.30 p. m.; the mean position occur- 
ring about 10 a. m. and 5 p. m. The daily variation is from 5' to 15' 
of arc. The secular variation is a long slow swing, covering many 
years. In the United States all east deolinations are now gradually 
decreasing and all west declinations gradually increasing at the rate 
of about 3' per year. The annual variation is very small (less than 1' 
per year) and need not be considered in surveying work. The Lunar 
declination is still smaller. All of the foregomg variations are 
periodic in character. Irregular variations due to so-called magnetic 
storms are imcertain in character and can not be predicted. Such 
variations axe sometimes large. Local attractions may greatly 
disturb tjje geedle, and often come from unknown sources. The 
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observer should have them constantly in mind and endeavor to keep 
all magnetic influences^ such as magnetic bodies, dectric wires, etc., 
at a distance from the mstrument when the needle is being read. 

The geometric axis of a needle may not coincide with its magentic 
axis, hence the readings of two compasses at the same station may 
differ slightly. 

165. A simple way to detect — ^not measure— such disturbances 
is to take frequent back azimuths. If the position of the needle is 
normal at both stations, the azimuth and back azimuth will differ 
by 180*^. If there is local attraction on the course, it will usually be 
stronger or cause a greater deflection at one station than at the otJier, 
and tne azimuth and back azimuth will not differ by 180*^. 

Another way is, when taking the bearing to a station, to select a 
well-defined point beyond and on the sam^ course. On arriving at 
the new station take a bearing from there to the selected point ahead. 
If it is the same as the first bearing to that point, there probably is 
no local disturbance. If the two bearings to the same point differ, 
there probably is local disturbance. 

Corrections for abrupt deflections of the needle due to local attrac- 
tions must not be distributed uniformly over the traverse. A course 
in which local attraction is detected or suspected should be noted, and 
if, on closing, an azimuth correction is necessary, it should be applied 
to the suspected courses. 

USE OF COMPASSES. 

166. A good needle requires time to settle, even when the case is 
firmly supported, and the user should cultivate the knack of catching 
it at the middle of its swing, which is the desired reading. If the 
compass can be supported, it is always better to do so. Then the 
sight can be carefully taken and the position of the eye changed to 
read the needle. Wait till the swing gets down to 4° or 6®, wnich it 
will usually do in a few seconds. Then catch the highest and the 
lowest reaoings on the same swing and take their mean for the true 
reading. If flie first swings are very lai^e, catch the needle with the 
stop near the middle of tne swing and release it quickly. This will 
suddenly check the swings and shorten the time in which the reading 
can be taken. 

In using the box compass without a support, hold it sufiiciently 
below the eye so that the swing of the needle can be seen. Point 
the line of sight in the required direction, catch the needle with the 
stop in the nuddle of the swing, and hold it stopped until the reading 
is taken. Stop readings are less accurate than sight readings, due 
to the difficulty in stopping the needle at the middle of the swing 
and to the tendencv to displace the needle slightly in lifting it off 
the pivot. When the stop is used, press it firmly and qmickly. 

With, the prismatic compass the stop is not used except to check 
the swings. Utilize a support if practicable. The pnsm hayrog 
been adjusted for focus, level the case so as to bring the scale into 
focus, and when the swing becomes small read the extremes and take 
the mean. 
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TO DETERMINE THE DECLINATION OF THE OOMPASS. 

167. First method; from the sun, — Prick a small hole in a piece 
of tin or opaqne paper and fix securely over the south edge of a table 
or other surface perfectly level, so that the sunlight coming through 
the hole will fall on a convenient place on the surface, figure 15, 
The hole may be 2 feet above the table for long days and 18 inches 
for short ones. Half an hour before to half an hour after noon, mark 
the position of the spot of sunlight on the horizontal surface at equal 
time intervals of about 10 minutes. Draw a curve, as hd, figure 15, 
through the points marked, and from point c in the horizontalsurf ace 
and in a vertical line with the hole, a, sweep a circular arc, ef, inter- 
secting hd in two points. The form of the curve hd will vary with the 
declination of the sun. 

168. Second method; from Polaris. — The trne Voith Pole is about 
1 12' distant from Polaris on a line joining that star with one in the 
handle of the dipper, and another in Cassiopeia's chair, figure 16. 
One of these stars will always be above the horizon, wherever Polaris 
is visible. The polar distance of Polaris is decreasing at the rate of 
19" per year. It also varies during the year by as much as 1\ 
Both variations may be neglected in this work. 

Imagine Polaris to be the center of a clock dial, figure 16, with the 
Kne joining 12 and 6 o'clock vertical and with the position of one of 
the fines described (from Polaris to star in handle of dipper, or from 
Polaris to star in chair) as the hour hand of the clock. The distance 
in angular distance of Polaris from the trne north may be taken from 
the following table : 

Table I. 

169. Table showing the angular distances of Polaris in different posi- 
tions with respect to the pole. Epoch 1911; polar distance 70 '. Lati- 
tude 0"" to 18° north. This table may be used until 1930. 



Clock reading of— 


Angular 
distances. 


Clock reading of— 


Angular 

distanoes- 


"Cass. 


ZUrsae 
Kaj. 


«Cass. 


ZUrsae 
Kaj. 


XII :30 
I 

1:30 
II 
III 

nil 

1111:30 

v 

V:30 


VI:30 
VII 
VII:30 
VIII 
IX 
X 

X:30 
XI 
XI:30 


E18 
35 
49 
61 
70 
61 
49 
35 
18 


VI:30 
VII 
VII:30 
VIII 
IX 
X 

X:30 
XI 
XI:30 


XII30: 
I 

1:30 
II 
III 

nil 

1111:30 
V 
V-.30 




W18 
35 
49 
61 
70 

ei 

49 
35 
18 



For high^ latitudes multiply the tabular readings by the follow- 
ing: 

Latitude 19° to 30° 1. 1 

Latitude 31° to 37° L2 

Latitude 38° to 42° L 3 

Latitude 43° to 46° L 4 

Latitude 47° to 60° L 5 

Latitude 51° to 53° L 6 

Latitude 56° to 57° L 7 

Latitude 68° to 59° L 8 

Latitude 60° to 61° : L 9 
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170. It is well to keep track of the portion of Polaris by noting ii 
frequently and taking the correspondong -clock time. Thcn>ii on a. 
cloudy night a glimpse of Polans is had, the observation may be 
taken, even though tne other stars can not* be seen. ' '? . . 

171. For practical details of the observation, the following may= 
serve as a guide: Select a dear space of level ground not too near 
buildings or any other object which might cause local disturbance 
of the needle. Drive a picket, leaving^ its top smooth and level, 
about 18 inches above tne ground. Six feet north of tlie picket 
suspend a plumb line from a point high enough so that Polaris, 
seen from the top of the picket, will be near 9ie top of the line, 
figure 17. The cord should be hard and smooth, about otne-tenth 
inch in diameter. The weight at the bottom of the line should 
hang in a vessel of water or m a hole dug in the ground to lessen its 
vibration. Drive a second picket in range with the first one and 
the plumb line a short distance north of the latter. Make a peep 
sight by punching a hole one-tenth inch in diameter in a piece of 
paper and hold it on the top of the first picket; adjust it so that the 
star is behind the plumb line when looking through the peep. Note 
the position of one of the stars on the imaginary clock face at the 
moment the observation is taken. Mark the position of the peep 
on the top of" the first picket and lay a straightedge or stretch a 
cord from that poiat touching the plumb line to the second picket. 
Place the north-and-south edge of the compass box against the cord 
or straightedge and read the needle. 

The compass azimuth read is the magnetic azimuth to Polaris at 
the instant of observation. To find the magnetic azimutb of the 
true meridian, correct the compass reading by the angular distance 
of Polaris as given in Table I, adding the correction if marked W ; 
subtracting, if marked E. This method will give results true to 
within one-fourth of a degree. 

From an examination of the table it will be seen that when either 
S, Cass, or Z TTrsae Major are at XII or VI, no angular distance is 
given. At these times, Polaris is on the true meridian and the mag- 
netic azimuth to Polaris is the true azimuth. For a rough check on 
the magnetic declination, an observation on Polaris, taken when 
either the dipper or Cassiopeia is above the pole (near 12 o'clock on 
the imaginary clock dial) will give the magnetic azimuth of the true 
meridian direct to within less than the least reading of the ordinary 
compass. 

THK SEXTANT. 

172. This instrument is shown and its parts indicated in figures 
18 and 19. The former is a very compact form, called the pocket 
sextant. The larger form, figure 19, has telescopes of different 
powers and also a telescope tube without lenses, which is tised for 
reconnaissance work at short ranges. The po(i(Bt sextant has a 
telescope for use in astronomical and long-range terrestrial work. 
For ordinary reconnaissance and surveying, the pocket sextant is 
used without the telescope, the sight being taken through a small 
hole in a shutter which closes the telescope opening. 

The adjustments are as follows : For the index glass, place .the 
vernier at about 30° of the limb and examine the arc and its image in . 
the index glass. If the arc and image appear coptinuous, the glass 
is in adjustment. If the image appears above the arc, the mirror 
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leans forward; if below, it leans backward. Adjust with screws if 

{provided, or with slips of paper inserted between the mirror and its 
rame. 

For the horizon glass. — Set at zero and observe a well-defined dis- 
tant point, using the telescope. If the direct and reflected images 
coincide, the horizon glass is in adjustment. If not, adjust it until 




they do, or if that can not be conveniently done, move the arm a 
short distance from zero until coincidence occurs. Read the vernier 
and apply that reading with its proper sign to all angles measured. 
Such a reading applied as a correction is called the index error. If 
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the index: error is off the ate, that is, between ssero and the end, it 
is additive. If on the arc, subtractive. 

In the pocket form the horizontal glass only is adjustable. To 
adjust the pocket sextant, select a distant object with a clearly 
defined straight outline. Set the vernier carefully at the zero of the 
arc and look at the object through the peephole and the lower por- 
tion of the horizon glass. Turn the sextant about the line of sight 




A'Adjt/shn^ /fey 



y. l&FocJre/ Sexf-ant 



A^ Index glass 
B- Horizon « 
C-Arc. 



O^Veraier clamp. 
E-' *< tang, sctew. 
G- Reading glass. 
V- Vernier. 
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as an axis until the straight hne appears to be perpendicular to the 
straight bottom edge of tne horizon glass. If the instrument is not 
perfectly adjusted for this position, the straight line of the observed 
object will appear broken, m which case unscrew the smaller milled 
head A of the top plate, and using its small end as a kev, turn 
the single adjusting screw in the cylindrical surface while looking 
at the object through the peep. The part of the image seen, in 
the mirror will appear to move, and by turning the key in the 



86 TOPOOaAPHY, MAP BEADING, AND KECONNAISSAKCE. 

proper direction the two parts mity be brought together. Next 
turn the sextant about 60° about the Kne of sijght, and if the 
straight line again appears broken, use the key to sightly loosen one 
of the two adjusting screws in the top plate wmle loolong through the 
instrument- If th& brings the two parts nearer in line, the proper 
screw has been selected; if not, try the other one. Then turn the 
two adjusting screws in the top plate by corresponding amounts 
and in opposite directions and continue turning them alternately 
tiU the straight line becomes continuous. The two screws are 
opposed td each other, and care must be taken to use no consider- 
able force and to always unscrew one before screwing up the other. 
When the adjustment is complete, the line should remain cpntinu- 
ous and straight while the sextant is slowly reyolved about the line 
of sight. If the index arm is then moved back and forth by turning 
the large mUled head, the reflection of any object may be made to 
pass exactly over that object as seen through the clear glass. 

For adjusting at night, screw the telescope in place. Pull its 
inner tube well out. Remove the simglass from the eyepiece. 
Focus the telescQi>e on a bright star by pushing in the tube till the 
image of the star is clear. Then, by turning the large nulled head, 
make the star's reflected image pass through the field of view. If it 
does not pass exactly over the stationary image of the star, adjust 
the horizon glass with the two screws in the top plate till one image 
will pass exactly over, the other. Next set the vernier accurately to 
the zero of the arc, and with the single adjusting screw in the cylindri- 
cal surface make the two images appear as one. The instriunent is 
then completely adjusted. The dayUght -method is most conven- 
ient, but it is well to test the adjustment by the star method before 
attempting to do any astronomical work. 

In the cylindrical surface just bdow the zero degree end of the 
arc are two projecting levers which move colored glasses to be used 
ia looking at the sun. At other times these glasses should be de- 

Eressed through the opening in the bottom plate by first sHding the 
rass stud in the plate and then pushing the two levers. The tele- 
scope also has a colored sun glass secured on the eye end which 
must be removed when observing any other object. 

Adjustment of tie line of sight, — ^Two parallel wires are placed in 
the focus of the objective of the telescope, the middle point between 
which marks the center of the field of view. The line joining this 
point aiid the optical center of the objective is the axis of the telescope 
or the Jine of sigkt. This Une should be parallel to the frame of tne 
instrument. To test the adjustment, turn the telescope in its collar 
until the wires are parallel to the frame. Select two objects which 
are at a considerable distance apart, b^ the sun and moon when 
distant 100° or more from each other. Point the telescope to the 
moon and bring the image of the sun tangent to it on one of the 
wires. Move the instrument until the images appear on the other 
wii'e. If they are still tangent, the telescope is adjusted; if otherwise 
the adjustment is made by two screws in the collar, loosening one 
and tightening the other. In some instruments the adjusteient 
of the parallehsm being supposed to be carefully attended to by the 
' makers, the screws are wanting. With a properly adjusted instru- 
ment, two images seen in contact on the wires will overlap in the center 
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of the field. If the two images are tangent on the lower wire and 
appear to separate on the wire farthest from the frame, the object 
end of the telescope droops toward the frame. 

ERRORS OF THE SEXTANT. 

173. To whatever division of the arc the index may point when the 
mirrors are parallel, this division is the piont of beginning of all 
ang;le measurements. In other words, it is the temporary zero, and the 
difference in arc between this temporary zero and the actual zero of the 
arc is the index error. Due to unequal expansion and contraction, this 
index error will not remain the same. It should, therefore, be deter- 
mined anew each time the instrument is to be used. To measure it, 
bring the mirror to parallelism by producing a perfect coincidence of the 
direct and reflected images of a distant point or star ; read the vernier, 
giving the result the proper sign— minus if coincidence occurs when 
the index is on the same side of zero as the greater part of the arc; 
plus if on the same side of the small portion of the arc, called "off the 
arc.'* Another error which must be looked out for, is that due to 
" eccentricity." This error is caused either by an original defect in 
the instrument or by a bending of the frame by varying temperatures 
or by accidental blows. 

To determine this error, measure with a transit the angle between 
two distant points having the same elevation. Make several readings 
of the same angle with the sextant and take the mean. The difference 
between the transit determination and the mean of the sextant 
determination, will be the effect of the eccentricitv for that particular 
reading of the sextant. The operation should be repeated for the 
whole arc at short angular distances and the results tabulated. From 
time to time this tabulation should be checked to see that no change 
has occurred. 

USE OF THE SEXTANT. 

174. When angles between terrestrial objects are to be taken 
with the sextant, the index is set at zero, and holding the instrument 
in the right hand so that the plane of the frame comcides with the 
plane through the objects to be observed, with the telescope on the 
upper side 2 the angle is approximately horizontal and on the left 
8i(k if the %.ngle is vertical, sight the left-hand object. There will be 
a slight liack of coincidence in the two images due to paj-allax, even if 
the instrument has been adjusted for index error by sighting at a star. 
Move the index arm until there is coincidence and read the vernier. 
Use this reading as index error. Now keeping the left-hand object 
in the field by sighting through the transparent part of the horizon 
glass, move the index arm with the left hand until the other object 
appears in the mirror portion of the horizon glass opposite the first 
point. Bring the second point exactly opposite by the tangent 
screw. Test the coincidence of the images by twisting the instrument 
so as to make the reflected image move back and forth across the 
direct image. Bead the vernier and apply index and eccentricity 
correction. In rapid work the telescope is not used; sight is taken 
through the telescope ring. Make it a rule to commence taking angles 
from the object farthest to the left, then from the next farthest, and 
80 on, always working from left to right. Avoid very large or very 
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small angles. Though the angles measured with the sextant are 
seldom horizontal angles, it is usual to plot them as such in fiUing in 
a topographical or hydrographic survey. The errors due to obUquity 
will DC nondiscemible in work plotted with the ordinary protractor. 



TEDS ENGINEER'S TRANSrr. 



175. This instrument is shown, and the names of its parts indicated 
in figure 20. 

To set np the transit. — Place the tripod with the legs extended far 
enough to give a stable base and so as to make the top surface of the 




A— Tripod* 

B- M head. 

^ r Plate clamp, 
C { or *^ 

Vernier '* 

^Vernier •' ■* 

Ei- Limb clamp, 

F^ *• ^ang. screw. 

G— Main leveling 

screwy 
H-H-VernE(jr& 

l-l-Plate levels, 

K- Vert. limb. 

L- .. K vernief. 

M— •■ "tang $cfew. , 

N- •' ^' clamp. B 

0- Attached leveL 

P — Telescope- 

Q— Eye piece 
R-R-Reticle screws. 

Y- Support. 
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tripod head horizontal or nearly so. On level ground the legs will 
be equally extended. On inchned ground, two legs on the lower 
side should be on the same level and relatively close together. The 
third leg is moved straight uphill at right angles to the line of tJie 
lower two; the amount this leg is thrown uphill is that sufficient to 
bring the tripod head roughfy level. If the instnunent has not 
already been screwed to the tnpod, remove the tripod cap and screw 
on the instrument in its place. Hang the plumb line on the hook 
(depending through the tripod head). Level the instrument as 
follows: Imclamp the vernier plate and turn the transit so that one 
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of the plate levels is pajrallel to one pak of leveling screws; The 
other plate level will be parallel to the other pair. Bnng the bubbles 
of the levels to the center in sueceasion by meaoB of the leveling 
screws. Always turn one of a pair down as. the opposite one is turned 
up and avoid more pressure of the screws against the plate than is 
necessary for a firm oearing. If a screw turns hard at any time it is 
either sprung or has been set up too tight. In turning a pair of 
leveling screws always move the thumbs toward each other or awa^jr 
from each other* The bubble will fellow the motion of the left 
thumb. If the screws are too tights jmaatew either but not both. 

With the level bubbles in the ce^tea^ of their tubes, the plate will 
be level if the bubbles are in adjustmetit. Turn the transit slowly 
in azimuth and watch the bubbles* If they remain in the centers, 
the plate is level and the levels are also corraet; If either, bubble 
leaves the center, the amoxmt of its motion indicates the amount 
by which it is out of adjustment. If the amowxt is small, it may be 
neglected; il lai^e, the adjustment should be made as hereafter 
described. For short lines the level error may be neglected if the 
entire bubble remains in sight during the entire revolution. Adjust 
the leveling screws in this case so that the travd of the bubble will 
be equal on both sides of the centetr. 

Parallax. — ^Having leveled the instrument, point the telescope at 
the sky. Focus the eyepiece until the cross hairs appear sharply 
distinct. This should ehminate parallax. To test the adjustment, 
point the telescope at some terrestrial object fmd bring it to a proper 
focus by means of the focusing screw of the object glass. Bring the 
intersection of the cross hairs on some well«defined point of tibie image. 
Now move the head laterally, watching the intersection. If there is 
no relative motion of the cross hairs and the image, parallax has been 
eliminated. The eyepiece once adjusted for parallax need not again 
be focused for the same observer unless it has been disturbed. The 
test, however, should be occasionally repeated. The object glass 
must be focused for each separate sight. The instrument is now ready 
for use or adjustment. 

The adJTistments of the transit are: (1) To make the plane of the 
plate bubbles truly perpendicular to the vertical axjs of the instru- 
ment; (2) to make the line of sight truly perpendicidar to the hori- 
zontal axis; (3) to make the horizontal axis of the telescope truly 
perpendicular to the vertical axis of the instrument. These three 
adjustments are made. to dep^id on the principle of reversion, the 
effect of an error being doiibled by a reversal of the instrument. 
The adjustme&ts should always be made in the order given. 

(1) Adjustment of the bubble tubes.-^ne level tube is adjusted 
at a, time. Clamp the lower limb. Bring the bubble in the center 
of its tube with the leveling screws. Revolve the vernier plate 180*^. 
If the bubble axis is not trmv perpendicular to the axis of revolution, 
the error will be indicated by the bubble leaving the center of the 
tube. The movement of the bubble measures double the err<xr« Cor- 
rect the error by bringing the bubble (by means of the small capstan 
screws on the tube) halfway back tp the center. If it is brought 
exactly halfway back, the error is eradicated. Verify the adjustment 
by recentering the bubble, as before, with the leveling screws and 
revolving 180 . If the bubble again leaves the center, there is some 
error remaining. Correct this residual error as before and verify. 
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Two attempts should l)e ati^cient to cbrroot all the error. Adjust 
the other bubble tube in the same mamier. While adjusting o&e 
bubble see that the otiier is centered; 

(2) Adjustment of the line of sights — dlamp the lower limb. First 
make the vertical haur perpendicular to the norizontal axis. To do 
this sight the vertical cross hair on some well-defined point, clamp 
both plates, rotate telescope about horizscmtal axis. If point does 
not appear to travel along vertical hair, loosen screws (K) holding 
cross nair ring, and by hghtly tli^pping on one screw rotate ring untfl 
above condition is fulSlka. Tighten sotews and proceed with 
second part of adjustment as fallows : See that lower limb is clamped, 
unclamj) the upper or vernier plate* Direct^ the intersection oi the 

. cross hairs at a gharply defined point A, 200 or 300 feet away; claanp 
the vernier plate, then plunge the telescope' (revolve on its horizontal 
axis), and have an assistant set a point B (a marking pin or a pencil 
mark on a vertical wall) in line with the intersection 6f the cross 
hairs and at approximately the same distance away- (points A and B 
should be at aoout the same elevation), but in the opposite direction. 
Unclamp the vernier plate and revolve the telescope in azimuth 

'■ (about the vertical axis) until the intersection of the cross hairs is 
again accurately on poiut A; damp the vernier plate, and again 
plunge the telesooj>e^nd set a point C in Hne with the intersection of 
the cross hairs and beside the point B. The distance between the 
points B and C is four times the error. Mark a point D one-fourth 
of the distance between B and C> measured from (5. Move the cross- 
hair ring by loosening ^the reticle screw on one side of the telescope 
and tightening the one on the opposite side until D is at the inter- 
section of the cross hairs. To verify, repeat the whole operation. 
Two attempts should be sufficient for accurate adjustment. 

(3) Adjustment of the horizontal axis. — ^The plate bubbles being 
truly perpendicular to the vertical axis of revdhition and the Hne of 
sight being truly perpendicular to the axis of the trunnions, set up 
and level the transit. Clamp the lower limb and release the vernier 
plate. Now with the cross nairs bisect some sharply defined point 
A, at a very high angle (gable of a house near by) ; clamp the vernier 
plate. Depress the telescope and mark down, at a convenient point 
under the point A and at about the level of the telescope, the pomt B 
in line of aght. Now unclamp the vernier plate and revolve the 
instrument m azimuth (about vertical axis), plunge the telescope 
(revolve about horizontal axis), and sight at A.* The telescope is 
now inverted (bubble up). Depress the telescope and set a pomt C 
in the line of sight and beside the point B. Tne distance between 

' B and C measures twice the error. Oovrect for one-half the error 
by the adjusting screw underneath one end of the horizontal axis. 

Adjustment 01 the telescope level. — If there is a level attached to 
•the telescope, it may be adjusted by the "peg'' mothod after the other 
adjustments are made, as follows : Set up midway between two stakes, 
which have their tops at about the same elevation, level the transit, 
and with the bubble of the attached level at the center read a rod 
on each stake* The difference in the reading is the true difference 
in level of the tops of the stakes. Move the instrument toward one 
of the stakes^ and set it up so that the eyepiece is about over the 
center of the stake. Place the rod on the stake near the eyepiece, 
and set the target in the middle of the field as seen througn the 
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object ^0S8. Set up the rod on the far stake with a target set at the 
reading just taken throneh the object glass, pltis or minus the diffek*- 
ence or level between stakes — ^plus if lower, minus if higher. Bisect 
the target with the cross wires. Tlie line of sight must now be hori- 
zontal, and, keeping the vertical motion clamped so as to retain the 
pointing, adjust the bubble of the attached level to the center by 
means of the small screws at the movable end of its tube. Both line 
of sight and axis of bubble are now horizontal, and therefore parallel. 

Note that the position of the intersection of the cross wires in the 
field is a matter of convenience mainlv. It is best to have it near 
the middle of the field, and it can be placed there by inspection with 
all needful precision before making the adjustment or the line of 
sight. 

Vertical circle adjustment. — While the line of sight and attached 
bubble are still horizontal^ the screws holding the vernier for the 
vertical arc should be loosened and the vernier moved until the read- 
ing is zero. If the veroier is not adjustaWe, the reading of the vernier 
when the attached level and line of sight are horizontal may be taken 
as the index error and applied to au readings (or the line of ei^ht 
may be adjusted to the vernier when reading zero; tiiia wiU involve 
a retest of all previous adjustments). 

An instrument may at times appear to be out of adjustment because 
some part is loose. — ^The object glass majr be partly unscrewed or 
an adjusting screw may be only partly tightened. Level bubbles 
or cross wires occasionally become loosened; therefore, before com- 
mencing the adjustment of an instrument, look out for such defects. 
When it is thought that an adjustment has been completed, alwavs 
test the instrument before usu^g. All adjusting screws should be 
screwed tight enough to hold, and yet not so tight as to injure the 
threads or put a severe strain on any other part. Especial care 
should be taken not to strain the cross-wire screws. 

To eliminate effects of errors in adjustment, the instrument should 
be used as follows: To avoid errors in plate bubbles, level up, turn 
180° in azimuth, and bring bubbles halfway back by means of leveling 
screws. This makes vertical axis truly vertical, and the bubbles 
should remain in the same parts of their respective tubes as the 
instrument is turned about the vertical axis. Errors in the line of 
sight and horizontal axis are avoided by using the instrument with 
its telescope direct, and then in its reversed position and taking the 
mean of the results, whether the work is running fines or measuring 
angles. Errors of eccentricity are eliminated by taking the mean 
of the reading of two opposite verniers. Errors of graduation are 
nearly eliminated by reading the angle in different parts of the 
circle, or by measuring the angle by repetition. Where only one 
vernier is read in determining an angle, always read the same one. 

USE OP THE TRANSIT. 

176. To measure a horizontal angle, set up over the vertex of the 
angle to be measured and direct the tele$cope along one of the sides 
of the angle. Clamp limb and plate^ — ^if the latter iS set at zero it is 
more convenient— and with the tangent screw of the fimb bring the 
intersection of the cross hairs on a definite point of the line. Read 
each of the two verniers and record, calling one vernier A and one B. 
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Unclamp the plate — ^not tihe limb— *aiid direct the telescope along 
the other line. Clamp and bring the cross hairs to a definite point 
with the vernier tangent screw. Read and record as before. Take 
the differences of the two readings A and B, respectiTdy. If these 
differences are the same, it is the value of the angle. If not, take 
the mean of the differences as the value. For greater acciu^u^y, the 
method of repetition is used. After the first measijorement is made, 
unclamp the Hmb — ^not the plate — and resight on the first point by- 
means of the limb tangent screw and proceed as before. The read- 
ing of the vernier is now twice the angle. Continue the repetitions 
until the desired number are made. Tne last reading divided by the 
number of measurements is the value of the angle. To guard against 
errors, it is well to read and record after each measurement. 

To measure a vertical angle. — ^Point the instrument, damp the 
horizontal motions, and make the readings on the vertical limb. For 
greater accuracy when there is a complete vertical circle, revolve 
the instrument through 180®, plunge the telescope, and take new 
readings. If the results differ, use the mean. , 

To run out a straight line.— Set up accurately over the initial point. 
Point the telescope in the required direction and establish a second 
point. These two determine the Kne which i$ to be run out. Set 
up over the forward or second point; lay the telescope on the initial 
point; damp limb and plate, plunge telescope, and set a point for- 
ward. If the adjustments are good, this third point will oe in line 
with the first and second and the line may be prolonged by repeating 
the steps taken at the second point. 

If the adjustments are not good, set a third point as before. Then 
unclamp the hmb and turn 180° in azimuth and lay on the initial 
point. Clamp and plunge again and set another tlurd point beside 
the first one. Take the micklle point between the two for the true 
third point. This method eliminates errors of adjustment, except 
those of the plate levels. Hiese are so easily observed and corrected 
that they should never exist when close work is required. 

TRAVEBSING. 

177. The transit must be set at each station with a 0-180® line of 
the azimuth circle parallel to its position at preceding stations. This 
is called carrying an azimuth. The direction chosen for the 0-180** 
line is usually the true N. and S., or as near it as data at hand will 
permit. 

Having observed the second station from the first, proceed to the 
second, set up, and set one of the verniers at its reading from the 
first to the second station, plus 180®, or at the back azimuth. Point 
at the first station and clamp the limb. The line 0-180® is now in a 
position parallel to that at the first station. Unclainp the plate, 
direct the telescope to the third station, and proceed as before. 

Also see paragraph 135. 

A ViaiNIER. 

178. A vernier is an auxiliary scale by means of which the principal 
scale can be read more closely than can be shown by actual subdi- 
visions on the principal scale. 

Consider AB, figure 21, as part of a scale of equal parts. Construct 
the auxiUary scale or vernier CD, the total length of which is equal 
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to 9 of the gmaUedt diyisionB of the principal dcale) but divided into 
10 equal parts instead of 9, which makes each division of the vernier 
^ the length of the division of the scale. 

When the zero division of the vernier, indicated by an arrow, is 
coincident with a division, as 31, of the scale, the reading is 31 and 
it is obvious that the first division of the vernier is to the left of 32 
in the scale by ^ of the distance between 31 and 32. Similarly, the 
second, third, etc., division of the vernier is 2, 3, etc., tenths to the 
left of the 33, 34, etc., divii^ion of the scale. To make any division 
of the vernier, as 2d, 3d, '5th, or 8th, coincide with the division of 
the scale next ahead of it the vernier must be moved to the right 2, 
3, 5, or 8 tenths of the length of one division of the scale, and the 
arrow will then be opposite a point on the scale 2, 3, 5, or 8 tenths of 
the distance from 31 to 32, or at 31.2, 31.3, 31.5, or 31.8. The quan- 
tity obtained by dividing the value of one division of the scale by the 
number of divisions of the vernier is called the least coiint of the 
vernier. Only one intermediate vernier division can coincide with 
a scale division at the same time and the number of the coincident 
vernier division, counting from the arrowhead, is the number of 
times the le€tst count must.be added to the last scale division passed 
by the arrow to get the true reading. 

To read any verpier note the value of the last scale division passed 
by the zero of the vernier and to it add the least count multiplied by 
the number of the coincident vernier division. 

Mistakes will be avoided and the reading facilitated by estimating 
in advance the fractional part of the division of the principal scale. 

A vernier constructed as described is always read ahead of the 
zero, or in the direction in which the scale graduations increase, and 
is called a direct vernier. Verniers may also be constructed by 
dividing the lengtii of a certain number of divisions of the scale, as 
11, into equal parts one less in number, as 10. The principles of 
operation and method of reading are the same, except that the 
coincident line is to be found bemnd ihe zero of the vernier, or in 
the direction in which scale graduations decrease. This form is 
called retrograde. It is but little used. 

If the scale is graduated in both directions, as is often the case, 
the vernier is doubled, the zero in the middle and each side forming 
a direct vernier for the graduations increasing in the same direction. 
This form is called double direct, figure 22. The most compact form 
is that shown in figxnre 2^,' called thfe lplffiWl^verniej^''1b'Vhich the 
graduations -are numbered from die middle to'teo^nd and continije 
from the other end to the middle. This is read as a direct vernier 
in eithw direction. If the coincident line is ahead of the middle or 
in the direction of inireasirig graduation, take its number from the 
middle as zero. .If it is behind the middle, or in the direction of de- 
creasina graduation, take its number from the nearest end, counting 
the end une as numbered on the vernier. 

Verniers are also constructed on cylindrical surfaces and on conical 
surfaces. The principles and method of readiog are the same for all. 

179. The plane table is shown and its parts mdicated in figure 26. 
The adjustments of the instrument are entirely analagous to those 
of the transit. The plate levels are carried either on me alidade or 
on the decUnator. In reversing for level tube adjustment, care must 
be taken to have the alidade or the declinator, as the case may be, 
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cover the same part of the board in l)oth positionfl by marking two 
comers on the paper by faint pencil lines. 

To set up the plane table over a known 8tation.~^In the following 
discussion/ it is assumed that a number of stations^ the locations ox 
which have been secured by transit trianffulation^ have been plotted 
on the plane table sheet as will usually be Qie case m plane table work. 
Theoretically before any work can be done on the drawing from any 
station^ the mstrument must be so set up that the plotted position of 
the point is vertically over the corresponding station on the ground; 
that the board must be truly horizontal,; aha that the meridian (true 
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Fig. 24. 

or magnetic) of the point on the paper must lie in the plane of the 
meridian of the corresponding station. In the figure, there is shown 
a devise for plumbing any pomt on the paper over the corresjjonding 
point on the grounoT Such a refinement is necessary onljr m very 
close work on a very large scale. For maps on a scale of 6 inches to 
the mile or smaller it is sufficient to place the point over the station by 
the eye. 

The board is leveled by the leveling screws or as in some instru- 
ments by manipulation of the board by the hands, the board being 
mounted on the tripod by a ball-and-socket joint. Wilson says that 
the inclination of the board from the true horizontal plane or the 
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amount which it is out of lerel affects the location in azimuth far 
less than wo\ild be at first estimated. For an inclination <rf 15® the 
azimuth is affected only 1®. For an inclination of about 3°, the error 
in azimuth would amount to about lees than 2^ minutes (about 4 
feet in a mile). An undue amount of time should not, therefore, 
be spent in leveling when orientation is to be secured from nearby 
stations and short side shots only are to be taken. 

The third requirement for a proper set up is met by orienting the 
board, after it has been set over the station and leveled. By orient- 
ing is meant the adjustment of the board in azimuth so that the line 
from the station point to any other point shaU be parallel to the 
corresponding line between tne two stations in nature. To orient 
the board, therefore, place the edge of the ruler of the alidade on the 
station point and any other distant point. TJnclamp and swing the 
board in azimuth until the line of sight of the alidade intersects the 
other station. Check by a sight on another station or so. 

If the magnetic merioian has not been plotted on the paper, place 
the declinator on the board, after orientation, and allow the needle to 
come to a rest. Draw a line the full length of the declinator side and 
mark the north end. The magnetic meridian will assist in orienting 
the board when plotted stations can not be seen and will always be 
valuable as a check. 

Locations by intersection. — The plane table finds its greatest use 
in quicklv securing a secondary control for topographical work. In 
open, hilly country, this control is most rapidly made by locating a 
number of points oy intersection and resection. Points are located 
by intersection by setting up the plane table and orienting as de- 
scribed above over a known station and drawing rays to natural or 
artificial signals, being careful to number each ray and note in a note- 
book the object sighted by each numbered ray. A second known 
point is then visitea, the plane table set up and oriented, and a series 
of rays to the same simals drawn. The intersection of corresponding 
rays locates the s^fius. 

All stations which are important in the propagation of the plane 
table triangulation, should be checked by a third ray drawn from a 
third known station. Where it is difficult to get a third iatersec- 
tion, locations by two rays will serve for tertiary points of control. 
But if such a station is occupied by the instrument for propagation 
of the triangulation, the location and orientation should be checked 
by resection methods. It is sometimes desirable to locate a plane 
table station from a line only one end of which can be occupied by 
the table. Let A and B represent the points on the ground at the 
ends of the line: C is the signal which is to be located, and ab repre- 
sents the line plotted on the plane table sheet. Set up at A, the 
end of the line which is accessible, and orient the table Iby sighting 
B with the alidade along db. Tnen, centering the alidade on a. 
draw an ladefinite line toward C. This line should be drawn the full 
length of the ahdade. The table is then taken to C and oriented by 
means of the line just drawn. Since the position of c on the indefi- 
nite line is now known it is necessary to estimate its position on the 
map and to use this noint in setting the table over C. If the aUdade 
is now centered on t and sighted toward B, a resection line may be 
drawn, and this line will cut the first indefinite Hne thus locating the 
poiat c desired. The position of c found by this method should be 



96 



TOPOGRAPHY, MAP READING, AND BEOONNAISSANOB. 



checked if possible by resection lines from other points whose posi- 
tions are known to be correct. 



THE THREB-POINT PROBIiBM. 



180, The plane table may be set up at any place where three 
triangulation points (plotted on the sheet) can be seen and the 
position of this plane table station can be determiaed and plotted 
on the sheet by observations from this poiat. The following is one 
of the graphical solutions: 

If ttJee signals A, B, and. C have their plotted positions at a, I, 
and c, and if the table be set up at any point and oriented correctly, 
the resection lines drawn from a, h, and c will pass through d, the 
plotted position of P. Siace there is no means of accurately orientr 
mg the table, the position of p being unknown at the start the table 
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must be oriented approximately by the compass. If the place 
table is not oriented exactly, the three resection lines will not ordi- 
narily pass through a common poiat but will form a triangle known 
as the triangle of error (fig. 25). From this triangle of error the 
true position of p may be estimated, and by a second trial a new 
triangle of error may be obtained which is smaller than the former. 
By successive trials the triangle may be made so small that it is 
almost a point. In practice very few trials are necessary, the tri- 
angle often being reduced to a point in the second trial. 

If the table is on the circumference of the circle through the three 
points, its position is iadeterminate. When point p is inside the 
triangle ABC it is in a favorable position for an accurate location. 
If the table is outside this triangle there are certain positions of the 
signals which are not favorable, especially when the angles subtended 
by the sides of the triangle formed by the signals are small and the 
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middle sijgnal is farthest from p, but if the middle signal is near y 
the location of v is good. 

If P Kes insiae the triangle ABC then p will lie inside the triangle 
of error and vice versa. B a circle is passed through a, b and me 
intersection of the resection Hnes from a and 6 it vmL pass through 
the true position of p; similarly a circle through h, c and the inter- 
section 01 the resection lines from I and c may be sketched and in 
this maimer a close estimate of the position of p made for the second 
trial. In practice, the circles are not actually constructed. A small 
portion of the arc of each circle is sketched, so as to indicate the posi- 
tion of p, preparatory to a second trial. The correct distance of p 
from any resection line is proportional to the distance of the plane 
table from the signal from which that line was drawn. 

Tracing-paper solution of the three-^oint problem. By the use 
of tracing paper the three-point problem is solved approximatelv 
with great rapidity. Setting up the table on the unknown point r, 
fasten on it a piece of tracing paper of sufficient size to include the 
positions of all four points. A fine point is marked upon the tracing 
paper to represent the position of p. The alidade is then centered 
about the point p and pointed successively at the three known points 
A^ B, C, and the lines pa, ph, and pc are drawn on the tracing paper. 
The alidade being then removed and the tracing paper released^ 
The latter is then so shifted over the plane table sheet that the line 
pa shall pass through the located point a, the line pb through b, and 
the line pc through c. Then with all three lines passing through the 
known points, the point p is exactly over its correct position on the 
plane table paper and may be pricked through to the latter. The 
point p is now located and orientatioiL is secured by placing the alidade 
over p and any other known point and moving the table in* azimuth 
until the other point is intersected by the line of sight. Check by a 
sight on two other points. It will usually be found that there is a 
shght error in the location of p. In case the location of the point is 
desired more accurately, draw rays from each of the three known 
stations, and proceed as in the solution given next above. 

BANGING IN AND LYING IN. 

181. It will often be desirable to locate the table at a point from 
which only two known points are visible. This may be done by 
ranging in or lining in or oy use of the ma^etic meridian and needle. 
This method depends upon the fact that if the table can be oriented 
in any way the location of the point where the table is set up can be 
found by resection rays drawn from any two stations in view or by 
resection from one pomt, if station is on a plotted line. Therefore if 
any line has been drawn on the place table sheet which represents a 
physical line on the groimd, as a straight fence, a railroaa tangent, 
road tangent, etc., the plane table can be set up at any point along the 
fence or on the tangent and oriented by laying the alidade along the 
line onthe paper and turning the table imtil the paper line is parallel 
to the physical line represented. As soon as the table is satisfac- 
torily oriented, pivot the alidade over any known signal and draw a 
resection ray from that, station. The intersection of this resection 
Bne and the line of the fence or tangent is the location of the instru- 
ment. Similarly it will often be possible to set up the instrument on 
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the line through, two stations and orieat by sitting along the Kne, 
locating by a resection line from a third station. Or, set up and 
orient by the needle and draw two resection rays from two Known 
points. The intersection of these will be the location of the table. 
These methods are satisfactory only for tte location of station from 
which local topography is to be secured. They are not good for 
extension of tnanguhition. 

l^LANE 7ABLE TRAYERSES. 

182. Once the plane table has been set up and properly oriented 
over Bisxj plotted point, any other poasat in the vicinity may be located 
by drawing a ray through the station in the direction of the point and 
laying off to scale on the ray the distance to the point a^ asc^t^ained 
by stadia or other method of measuremenst. 

A second point so located on ihe sheet may, of course, serve as an 
instrument station, and if the plane table he moved to the second 
point it may be set up with the plotted position of the point over the 
actual point on the groimd ana the instrmnent oriented by placing 
tiie alidade along the ray and moving the table in azimuth imtil the 
fijDst point is ^ ^ backsi^ted ' ' by the lin» of sight. With the instrument 
oriented, a third station may be located from the second in the same 
manner and by thus proceedingf rom point to point a plane table traverse 
mav be run and plotted more quickly than can be done by transit 
and. stadia and computation by latitudes a^ loaiigitades. As witii 
all other traverse^ of any considerable length, plaice table traverse 
should not be made a part of the map until they have been adjusted 
to locations made by more accurate methods. The graphical adjnoBt- 
ment described in paragraph 14S is vjery canrveaient for the adjust- 
ment of plane table traverses. In very large scale work, back flags 
must be used in order to secure correct orientation *and th« orienta- 
tion of the table should be checked whenever possible on triangula- 
tion stations. In work on smaller scales better x«sidts will be secured if 
orientation is made by magnetic needle instead of backsights. 'Wher- 
ever local attraction is suspected, backsights ^ould be takon in this 
work to check the needle orientation. 

DETERMINATION OF DISTANCES. 

183. Distances passed over may be xtot^nninLed by the -stride of 
man or horse, by the time taken by a rated horse, by the revolutionB 
of a wheel, by chain or tape, and by iStadia. Distances which are 
not passed over may be determined by estimation, stadia, ar by 
intersection. 

REDUCTION TO THE BORIZONTVtL. 

184. Distances meaaure^l along a slope may require a correctian 
before plotting them on a map, as all map distances are, or are 
supposed to be^ measuretl in a norizontal plane. Such corrections, 
when made J are called reduction to tjlie horizontal. The following 
table gives horizontal distances corresponding to sloping distances 
for grSiients up to 30°, The correction for sTopes of 6"^ and less is 
too small to be plotted on the customary scales aaid is usually 

eglectod. In flat or ordinaiy rolling country, the correction y^ 
'xdy be necessary. 
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Tablb II. 

185. Horizontal distances for gradients of 0° to 30° corresponding 
to distances on the slope: 



Gradient in degrees. 


Horizontal distances for sloping distances of— 


1 


2 


3 


4 


5 


6 


7 


8 


9 


1 


09906 
09994 
09966 
09976 
09962 
09945 
09925 
09903 
09877 
09848 
09781 
09703 
09613 
09510 
09397 
00372 
09135 
09063 
08988 
06910 
08829 
08746 
08660 


19^ 
19088 
10972 
19051 
19924 
19890 
19851 
19805 
19754 
19696 
19563 
19406 
19225 
19021 
18794 
18544 
18271 
18126 
17976 
17820 
17659 
17492 
17320 


29995 
29982 
29059 
29927 
29886 
29836 
29776 
29706 
29631 
29544 
29344 
29108 
28838 
28532 
28191 
27816 
27406 
27189 
26964 
26730 
26488 
26238 
25981 


39994 
89976 
39945 
39902 
39848 
39781 
39702 
39611 
39507 
39392 
39126 
38812 
38450 
38042 
37588 
37087 
36542 

35012 
35640 
35318 
34985 
34641 


49993 
49969 
49931 
49878 
49810 
49726 
49627 
49513 
49384 
49240 
48907 
48515 
48063 
47553 
46985 
46359 
45677 
45316 
44940 
44550 
44147 
43731 
43301 


59991 
59963 
59918 
59854 
69772 
69671 
50553 
59416 
59261 
60088 
58689 
58218 
67676 
57063 
56381 
66681 
54813 
54378 
53928 
53460 
62977 
52477 
51961 


69980 
69957 
60904 
69829 
69733 
69616 
69478 
69319 
69138 
68936 
68470 
67921 
67288 
66574 
65778 
64903 
63948 
63441 
62915 
62370 
61806 
61223 
60622 


79988 
79951 
79890 
79805 
79605 
70562 
79404 
79221 
79015 
78785 
78252 
77624 
76001 
76084 
76175 
74175 
73084 
72505 
71903 
71280 
70636 
69969 


89966 


2 


80945 


3 


80877 


4 


89781 


6 


896S7 


6 


80607 


7 


88329 


8 


80124 


9 


88892 


10 ~. 


88633 


12 


88083 


14 


87326 


16 


86613 


18 


85505 


20 


84572 


22 


83446 


24 


82210 


25 


81568 


26 


80891 


27 


80190 


28 


70465 


29 


78716 


30. . . 


77942 







The horizontal distance corresponding to any sloping distance and any angle or gradient may be found 
by multiplying the sloping distance by the ooslne of the angle. 

MEASURING DISTANCES WITH STEEL TAPE. 

186. The steel tape furnishes a convenient, rapid, and economical 
means of measuring any distance for any desired degree of accuracy 
up to about 1 in 300,000. For topographical surveying a length of 100 
feet is most convenient. For base-line measurement the length 
should be from 300 to 500 feet and its cross section from two to ttSee 
one-thousandths of a square inch. 

The length of a topographical base will depend on the stretch of 
level or evenly sloping ground available. Such bases have varied in 
length from ^ mile to 3 or 4 miles. It is more important to be able 
to extend the base bv well-conditioned triangles than to measure a 
long base. The idejJ site is on level, even ground, from which good 
views of the surrounding country can be obtained, 

MEASUREMENT OF BASE. 

187. A topographical base should always be measured with a steel 
tape. This should be carefullv compared with a standardized steel 
tape before and after using. A standardized steel tape is one where 
exact length for a given temperature pull as well as its coefficient 
of expansion has been determmed by the National Bureau of Stand- 
ards at Washington, D. C. A^ steel tape may be standardized 
by sending it to that bureau. Ine manufactures for a sUght extra 
cost will mrnish a certificate ^ving the tenmerature and tension at 
which a tape agrees with their standard (facsimile of that in the 
national bureau) or they will furnish the tape vdth the certificate 
of test made by the national bureau itself. The standardized tape 
itself should not be used in the field lest it be broken. 

Por an accuracy of I in 6,000 the tape may be used in all kinds 
of weather, held and stretched by hand, ihe horizontal position and 
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amount of pull estimated by the chaimnan. TTie temperature may 
be estimated or read from a thermometer carried for the purpose. 
Ou uneven ground the end marks are given by plumb line. 

FOB AN ACCURACY OF 1 IN 10,000 TO 1 IN 60.000. 

188. The line of the base should first be cleared of trees, bushes, 
or high grass; small mounds, etc., should be removed. 

Each terminal point of the base should, if time allows, be marked 
by burying a bottle 2 feet underground; accurately centered over 
this should be built a small masonry pillar, surface flush with the 
ground. A fine mark should be made m a metal plug sunk into the 
surface of the pillar. • 

Having marked the terminal points, set a transit over one of them 
and direct it on the other, over which a pole should have been fixed; 
with the transit aUgn stakes at intervals of about 300 yards. By 
means of this alignment hammer into the ground square-headed stakes, 
accurately in the line of the base and at tape lengths from each other, 
starting from one end of the base. The tops of the stakes should be 
just flush with the ground; on these stakes nail strips of wood or zinc. 

In measuring the base, stretch the tape from terminal point to first 
stake and from stake to stake; the tension should be taken on a spring 
balance and should be that given for the standardized tape. The 
end of thetape should be marked by a fine pencil line or kniie cut on 
a wood or zinc strip nailed to top of each stake. The temperature, 
of the tape should be taken at frequent intervals by letting the bulb 
of the thermometer come in contact with the underside oi the tape. 

At the other terminal the smaU space between the last graduation 
and the end of the base should be measured with a pair of dividers. 

Now measure the inclination to horizontal from peg to peg with 
level or transit. Minor undulations crossed by the tape are to be 
disregarded. 

The base should be measured at least once in each direction ; on a 
dull day, if possible, or in early morning or late afternoon. 

Base calculations. — ^The measured length of the base is subject to 
five corrections : 

I. For standard; II. For temperature; III. For inclination; 
IV. For sag; V. For height above sea. 

The following case may be taken as an example (taken from 
aose): 

One tape was kept as a reference tape (the standardized one) and 
not used for measuring. This, when standardized, had been found 
to be 0.05 foot short at 62° F. 

The tape used (supposed to be 100 feet long) was 0.02 foot long on 
reference tape at 71 F. 

The temperature of tape used in the measurement was 82° F. 

Height of base above sea, 4,520 feet. 

For 2,300 feet, base had a slope of 1^ 15.'; remainder level, 

I. Standard: 

Reference tape was 0.05 short at 62'' F. 

Steel expands 0.00000625 of its length for 1° F. 

Therefore, at 71® it was 9X100X62.5/10,000,000 longer, or 0.0056 foot longer, 

or 0.05 less 0. 0056 or 0.0444 short of standaxd. 
Reference tape was therefore . . 0.0444 short at 71° F. 

Tapeused 0.02 long on reference tape at 71® F. 

Tape used was therefore 0.0244 short at 71® (a). 
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II. Tempezature: 

TemDemture of tape uaed duriiig zoeaauremefit ims 32^; when compared was 

Increase of length, 11X100X62.5^0,000,000, orO.0069 (&). 

Combining (a) and {b) we ^d that the tax)e used waa 0.0175 short, during 
measurement; correction for standard and temperature is therefore 
0.0175x5301/100, or 0.928 foot. 
III. Inclination: 

For 2,300 feet the base haa a slope of 1** W, 
Correction, 2,300 (1-cos 1® 150=0.55. 
rV. Sag: 

In the measurement of a base it is desirable that the whole length of the tape should 
as far as possible be supported by the ground, sa that no correction i» necessary for the 
sag of the tape. Whgre the ground is uneven, it is customary to support the tape at 
intervals by stakes, but it may happen in the measurement of a base that a ravine 
has to be crossed. In such a case the sag, i. e., the difference between the length 
when suspended and when laid on a plane surface, must be determined and corrected 
for. 
If s=cthe correction for sag, 

l=the length of the tape suspended between two supports (in feet), 
w=the weight of the tape in pounds, 
t»the tension ap^ed in pounds. 
8«1 wV24t2. 
V. Height above sea: 

If the base is measured at a mean height (h) above sea level, it will reqioire a correc- 
tion of h/RXlength of base, where R, the radius of the earth, may be taken as 20,900,000 
feet. 
In this case h=«4>520. Then cocrectiion=»4,520X5,301/20,900>000=*1.146. 
Collecting these corrections: Feet. 

I and II, standard and temperature —0. 928 

III, inclination —0. 550 

IV, sag I --0.000 

V, height above sea*. ^1. 146 

Total correction -2. 624 

Measured length 5, 301. 240 

Corrected length of base 5, 298. 62 

Corrections III and IV must always be negative; I and 11 may be 
either positive or negative. 

189. For measurements requiring an accuracy greater than 50,000 
the precaution taken is more elaborate in. the following particulars. 
The tape is usuallv supported at intervals of 20 feet by adjustable 
standards, all standards being aligned and set to uniform grade for each 
tape length. The correction for sag may then be dispensed with. 

For securing steady tension, several devices exist. The simplest is 
a pointed lever (e. g., a survey sighting rod). A movable collar with a 
hook or ring and secured by a set screw slides up and down the rod. 
The end of the tape is secured to this collar at any desired height 
above the ground. The toe of rod is stuck in the groimd and the 
required tension secured by hauling back on the rod. 

For greater accuracy stiU, the tape ends are secured to movable 
boxes which are weighted with atones. The emds of the graduation 
pass over wooden cages spiked into the ground. On the top of the 
cages are zinc plates for scratching the ends of tape lengths. 

For detailed methods of the measurements of lines calling for high 
accuracy see treatises on surveying. 

There are but few localities in the TJnited States that can. not con- 
veniently be connectad with known positions «nd distances- and there- 
fore, before base*-line measiirements are xmdertaken, the records 
of tne Coast and Geodetic Survey, the Lake Survey, the Geological 
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Survey, the €ai?ps of Engineers. United States Army, and other 
Government organizations should be examined in order to ascertain 
wbat positions m* the area surveyed have been determined and are 
availabfe fot use in the ^wx)frk at hand. 

MRASUnaif Eikv of nvtMscusi m stadia. 

190. The stadia ia primivrily intended, to secure rapidity rather 
than accuracy; nevertheless with proper caie to eliminate the chief 
sources of error, a high degree of accuracy may be obtained. Where 
properly handled, it will produce results as good as, and frequently 
better than, those with the tape, especially m rough country wheito 
variations in* the slope of the ground affect taping seriously. 

The degree of precision is dependent upon several conditions, 
chief among which are: 

1. Length of sight;. 2, Mxtgoiiymg power of the telescope; 3. Fine- 
ness of the cross hairs; and 4. Precautions taken to avoid errors due 
to refraction. 

Exfperiments show that the average error increases rapidly for 
sights over 800 feet. For short sights errors are less with a 25-power 
than with a 15-power telescope. On the Mexican boundary survey, 
the i*a/fcio of error between tnangulation and taping was 1 in 1,436, 
and between triangulation and stadia 1 m l,16ff. In all there were 
measured 189.5 miles by stadia whidh were triangulated and in 
which the total difference in length was 50 meters, or 1 in 5,873, 
Experiments show that refr*action is a variable quantity, dependent 
upon temperature of air and ground, that is much greater near the 
ground than' 3 feet above it; also at noon than before or after; that the 
effects varv for different distances. Twelve miles of stadia measure- 
ments with sights averaging 60O feet, in the morning and evening 
hours, showed an accui*acy of 1 in 2,685. The same distances meas- 
ured at midday showed an accuracy of 1 in 655. 

191. To obtain accuracy in stadia work it is best to make short 
sights, avoid readings near the groimd (bottom of the rod), and to 
avoid working during the midday hours, except on dull, overcast 
days. For accurate \^ork the most approved practice is to use rods 
of standard- division and to determine the rod interval factor to be 
applied to the observed distance as a correction. The speed of 
stadia traverses is far gl*eater than that of taping where the surface 
of the ground is rough, since sights of one to two thousand feet length 
cem. be taken. Under similar circumstances the chain has to be laid 
down and stretched every hundred feet or less. Over smooth 
coxmtry, traverses may be* madfe by stadia still more rapidly than 
by taping if the rodmen be mounted and the instrument man rides 
or drives. On the Mexican survey above cited as many as 16 miles 
a day were often covered, inchlding the determination of height and 
the sketching of topography. 

mHSQRY OF STADIA MSASUBlBtf BHrHS. 

1^2. The relation between the size and distance of an object and 
the si2» of* its image in the telescope is given by the expression 

where Y denotes the height of the object, Y^ that of its image (the 
distance between stadia wires in this case), F the focal length of the 
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object glass, and X the distance of the object (rod) from the first 
principal focal point. This point lies in front of the object glass at a 
distance equal to the focal length (distance between the ob^t glass 
and the stadia wires). To reduce the measured distance A to the 
true distance from the center of the instrument, add to X a constant 
equal to the distance of the first principal focal point from the center 
of the instrument. This constant is called c-f f. Its value varies 
for different instruments and is usuafly marked on the inside of the 
transit box by the makers. It may be directly measured, however, 
with all the accuracy necessary. F is the distance from the object 
glass to tJie cross hairs when tne object glass is focused for a distant 
object, and C is the distance from the object glass to the center of 
. the instrument when focused for an average sight. The average 
value of c+f for a transit is about 1 foot. 

GRADUATmC THE STADU SOD. 

193. Eods shoidd be of light, straight-grained, well-seasoned wood, 
12 to 14 feet long, 5 inches wide, ana i inches tnick, dressed smooth 
all aroimd and covered with at least two coats of white paint. To 
graduate the rod it is necessary to know what space on the rod cor- 
responds to a himdred feet in distance. Measure off c+f from the 
plumb bob and set a point. From this point measure off any con- 
venient distance on level groxmd, as 600 feet. Hold the blank rod 
in a vertical position at the end of this base, or if possible fasten it 
rigidly in that position. Have a fixed mark or target on the upper 
part of the rod on which the upper wire is set. Have an assistant 
record the position of the lower wire as he is directed by the observer. 
Some sort of open target is good for this purpose, but any scheme is 
suitable that will enable the observer to fix the position of the extreme 
wires at the same moment with exactness. The work should be 
done when there is no wind and when the atmosphere is very steady: 
a cahn day is best. Repeat the observation until the niunber of 

. results, or their accordance, shows that the mean will give a good 
result. Divide the mean space so obtained into five equal parts, 
thus obtaining the intercept on the rod for 100 feet. By dividing 
this distance mto 20 equal parts diagrams similar to Fig. 24 can be 
constructed and painted on the rod. 

A method of graduation in common use is to divide aU rods exactly 
in feet and tenths. This method has the advantages that the rod 
may be used as a level rod, that the same accurate template may be 
used to graduate all rods, etc. By the use of standard templates 
for patterning the rods large numbers of rods may be painl^ or 
repamted eaoi season with much faciHty and wiux the minimum 
risk of mistakes. 

194. The stadia is used in connection with a transit having a 
vertical limb, or a plane table with telescopic ahdade having a verti- 
cal limb. Distances are read by setting either the upper or lower 
stadia hairs on a foot mark by means of the vertical arc clamp and 
tangent screw and counting the feet, tenths, and himdredths between 
the stadia hairs. The vertical angles are taken by sighting the 
middle cross hair on a point on the rod whose distance above the 
foot of the rod is equal to the distance from the horizontal axis of 
the telescope to the station beneath the transit. The distance is 
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known as the height of instrument (HI). It is convenient to mark 
this point on the rod by a rubber band which is adjusted for each 
set up. 

The order of field work is as follows: First read the distance and 
record it, then set the middle hair on the rubber band and tixe vertical 
hair on the middle of the rod. Signal the rodman away and while 
he is moving to next point read the azimuth and the vertical angle. 

REDUCTION OF STADU FIELD NOTES. 

195. This is done by means of tables, diagrams, or stadia slide 
rule rather than by direct use of formulae. Table III gives, for 
vertical angles up to 20°. the difference in elevation for an inclined 
reading of 100 feet. If tne inclined reading is 612, the instrumental 
constant (F + c) 1 foot, and the vertical angle 4*^ 42^ the difference 
in elevation is 6.13x8.17 = 50.1 feet. The horizontal distance is 
obtained by use of the table of horizontal corrections (Table II), 
which gives the distances to be subtracted from the inclined reading 
increased by the instrumental constunt, c+f. 

Stadia reduction tables are published (such as the Noble and 
Casgrain) in which the corrections are made by addition only, instead 
of multiplication as in Table III. These tables are more convenient 
than multiplication tables. 

The most rapid method of reducing stadia readings is by means 
of stadia slide rules or computers, sucn as the Kem, the Colby, the 
Webb, the Matthes, the Cox, etc. For accurate traverses the read- 
ings should be reduced by table and checked by slide rule. For less 
accurate work the slide rule alone is sufficient. 

PLOTTING. 

196. The plotting of stadia notes which are "cold" is fraught 
with error. They should when practicable be plotted in the field 
in the sight of the facts. This may be done bv means of a circular 
protractor and scale, a small plane table or stetching board being 
used as a plotting board. Some surveyors prefer to use the smafl 
plane table as a plane table in conjunction with the transit; the 
plane table being used to obtain and plot all directions, the transit 
oeing used as an auxiliary instrument to read distances and vertical 
angles. 

CAUTION. 

It is sometimes desirable to take long sights where the intercept 
of the stadia wires exceeds the length of the rod. In such cases it 
should be remembered that the middle wire is seldom exactly mid- 
way between the upper and lower wires. The sum of the readings 
between the upper and middle wire and between the middle and 
lower wire will give closer results than double the reading between 
the middle and one extreme wire. For accurate azimuth reading, 
bisect with the vertical wire the edge of the rod instead of the face. 
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DETERMINATION OF DIFFERENCES IN ELEVATION. 

197. In topographical work elevations are referred to a common 
level surface called the datum. The datum is taken low enough so 
that no p<)int of the area to be mapped will be below it. TTiis makes 
aU elevations positive. For topographic surveys the datum in general 
use throughout the world is mean sea level. This should always be 
used where practicable. 

The difference in elevation of the two points may be determined: 
(a) By means of the angle which the line connecting the two points 
makes with the horizontal; and the horizontal or inclined distance 
between the two points; (b) by means of an aneroid barometer car- 
ried from one point to the other; (c) by means of the differential spirit 
leveling between the two points. 

The vertical angle may be read with some form of clinometer, or 
with a transit havmg a vertical circle. 

BAROMBTTRIG LEVELING. 

198. The weight of the atmosphere at sea level is 14.703 poimdsper 
S(][uare inch, equal to the weight of a column of mercury 29.92 inches 
hirfi, or a colimm of fresh water 34.7 feet high. 

The aneroid barometer records the pressure of the atmosphere in 
inches, the same as a mercurial barometer, the reading being taken 
from a pointer moving on a circular scale. It must be carefuUv 
handled as it is sensitive to shocks. A screw head wiU be seen through 
a hole in the back of the outer case by which the needle mav oe 
brought to any desired reading, and the instrument corrected when- 
ever it can be compared with a standard. With the aneroid, correc- 
tions for instrumental temperature can not be made, and for this 
reason small pocket instruments are preferable, as carried in the 
pocket they are not exposed to so great changes in this respect. 

The pressure of the atmosphere varies with the altitude above sea 
level, and it also varies with the moisture, temperature, and latitude, 
whicn do not depend upon the altitude. 

In measuring altitudes with the barometer these other causes of 
variation must be eliminated so far as possible. It is best done by 
simultaneous observation at both stations. If the stations are not far 
apart all disturbing conditions will be substantially the same at each 
and therefore eliimnated, except temperature, which, with consider- 
able difference of altitude, wiU always be less at the upper than at the 
lower station. 

If simultaneous observations cannot be made, the stations should be 
occupied with as litUe interval of time between as possible, and better 
results will be obtained if the tmie of observation can be so chosen as 
to take advantage of calm, bright, dry weather. 

When the hygrometric conditions are very imif orm an aneroid read 
at intervals on a day's march over a rough country will give a fairly 
good idea of the profile. 

199. Table of elevations above sea level from barometer reading 
(United States Coast and Geodetic Survey), for mean hygrometric 
conditions and mean temperature of 50® F. : 
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29.9 


91 


- 9.1 


21.6 


8,951 


-12l6 


25.8 


4,109 


-10.5 


80.0 


00 


- 9.1 


21.7 


8,825 


-12.5 


25.9 


4,004 


-10.6 


30.1 


- 91 


- 9.0 


21.8 


8,700 


-12.5 


26.0 


8,899 


-ia6 


30.2 


-181 


- 9.0 


21.9 


8,575 


-12.4 


26a 


8«794 


-ia4 


80.3 


-271 


- 9.0 


22.0 


8,451 


-12.4 


26.4 


8,690 


-10.4 


80.4 


-361 


-9.0 


22.1 , 


8,327 


-12.3 


26.3 


3586 


-las 


30.6 


-451 


- 8.9 



COETFICDENTS FOB TEMFEKATURE CORBEOpnON. 

200. Argument (<+<')« Sum of temperatures at the two stations: 



t+tf. 


Coefficient 
C. 


t+e. 


Coefficient 
C. 


«+f. 


Coefficient 
C. 


• 

. . 


.^I^^^p 


• 

70 


%tU'^^ 




130 


+0.0388 


10 


80 


140 


+0.0472 


20 


90 


160 


+0.0575 


30 


100 


160 


+0.0677 


40 


110 


170 


+0.0779 


60 . 


lao 


180 


+0.0879 


60 













Examples: 



station. 


Barome- 
ter. 


Temper- 
ature. 


Sacramento . .^^ .,,,.,.-..,, -^ t -r 


Inchet, 
30.014 
23.288 


•F. 
59.9 


Sijxnmit -.'-^-- . ... 


48.1 
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From table of elevations: r^et. 

Sacramento = —12. 7 

Summit - =6, 901. 

Differential =6,913.7 

t+t' : =102^ 

.-. C : = 0.0070 

.-. Temperature cOTiBction, 6,913.7X0.007 = +48.4 

H. :. ,..:. =6,962.1 

Station. »«i?^ '^^^ 




Lower 28.075 57.3 

Upper 52.476 38.5 

From table of elevations: Feet. 

Lower = 7, 867. 

Upper = 1,807.0 

Differential = 6,060.0 

t+t' = 95° .08 

.-. C. = +0.0004 

.-. Temperature correction, 6,060 X0.0004 = +2.4 

H. = 6,062.4 

GENERAL RVfJES FOR USING ANEROID BABQMETERS. 

201. The best type of aneroid barometer f or upe in reconnaissance 
is one with a dial about 2^ inches in diameter, graduated to 3,000 
feet on the scale, with a least rending of 10 feet. In using the bar- 
ometer — 

(1) Keep it at a temperature as nearly constant as is practicable. 
This is best done by keeping it in an inner pocket, where it will have 
nearly the temperature of the body. Remove it from the pocket 
oxdy for the purpose of reading and aretum it as sotm. tuB possible. 

(2) Alwajrs nold the barometer with its dial horizontal when reading 
it and tap it gently two or three times with the finger or pencu 
before reading. 

(3) In clear settled weather it will be found that the pressure vari- 
ation due to change of temperature follows a regular law. Beginning 
at about 9 a. m. toe elevation scale will^how a rise of about 10 feet 
per hour for about four hours. It will then remain stationary until 
about 4 p. m., and will then fall regularly until about 7 p. m., when 
the same reading a^ at 9 a. m. will be reached. A knowledge of this 
change wiU enable proper corrections to be made. 

(4) In unsettled weather; before or after a storm^ note, if possible, 
the movement of the needle for an hour before starting work to ascer- 
tain its direction and rate of change^ and thus be enabled to make 
proper corrections. 

LEVELING WITH TBE HAND LEVEL. 

202. Differences in elevation can be determined with considerable 
accuracy by means of the hand level or by means of the clinometer, 
using levd sights. For reconnaissance work without an assistant| 



MAP BEADING^ AJS^D BSGONKAISSANGB. HI 

leyelix^ i» done up gradej zieate where the level line of sijght 3trike8 
the ground, adyaiace to that point and repeat the operation. Each 
advance oorrespondgi to a difference of elevation equal to the height 
of the iohserver'e eye. If an assistant is availahley leveling can be 
done down OTade as well as up, in which case much longer sights 
are -possible l)y the use of an improvised level rod. 

Tne hand level in >conneotxon with a standard level rod, carried 
by an Assistant, ha6 a wide appliGation in constniotion work. It 
adzaits of £reat rajHditj in crosfihsection leveling and gives resiults 
sufficienlily accurate ior taonstroction purposes. 

The locator's hand level^ eombining the virtues of the hand level 
and the chnometer, ia aa insixTument of peculiar value in all recon* 
naissaxice work^ 

THE BMGINISEB'S I.KYXL. 

203. This instrument is shown and its parts indicated in Fig. 29. 
The instrument is focused and set up as described for the transit, 
except that, as there is but one level, the telescope must be turned in 
the direction of one pair of leveling screws and leveled, then turned in 
the direction of the other pair and leveled again. The seccmd levdiog 
usually disturbs the first and the latter ehould then be releveled. 

Tlie level consists essentially of two geometric straight lines— the 
line ^t sight and the vertical axis. The adjustment of the instrument 
consists in making these two lines truly perpendicular to each other. 

This is effected by the use of the level tube. The line of sight (the 
geometric line through the center of the object glass and the inter- 
section of the cross hairs) is made parallel to the Axis of the bubble 
tubes by making each parallel to the axis of the Y's. The verti- 
cality of the vertical axis, in the adjusted instrument, is secured by 
the operation ^ levehng. 

First» make the line of sight parallel to the axis of the Y% as 
follows: Set up the instrument ana level carefully -note a small object 
about 300 feet away that one end of the horizontal cross hair touches; 
turn the instrument ia azimuth a few degrees and note whether the 
other end of the cross wire cuts the point; if it doee the horizontal 
wire is horizontal. Mow unlock the x dips. Bisect with the inter- 
section of the cross hairs some sharply denned point at a convenient 
diatanoe; revolve (not reverse) the telescoi)e in the Y's until the 
bubble comes on top. If there i^ not coincidence between the line 
of si^ht and the axis <of the Y% the intersection of the cross hairs 
will, in the revolved position, not be in the original mark and the 
amount that it Jias moved measured double the exror. Correct the 
horizoiKtal hair, moving it (by tightening the top and loosening the 
bottom capstan screws which hold the reticle or by tightening the 
bottom and loosening the top, a|3 the case may be) ludfway back 
toward the original mark. Verify the correctien bv repeating the 
entire operation. Two attempts should usually be sufficient to 
eUminate all error. Then adjust the vertical wire in the same way. 

Second: Make the bubble axis parallel to the axis of the T's, as 
follows: Set up the instrument and unlock the Y clips. Bring the 
telescope to a position over one diagonal set of levelmg screws and 
clamp in azimuth. Using the leveling screws, now center the bubble. 
Then lift the telescope carefully out oi the Y's and replace it i^ them, 
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reverse end for end. If the bubble axis is not parallel to the axis 
of the Y's, it will be shown by the bubble leaving the center and the 
amount of movement measures twice the error. Bring the bubble 
halfway back by means of the adjusting screws at one end of the level 
tube. 

Now verify the adjustment by repeating the entire operation. 
Two attempts should usually be sufficient to eliminate all error. 

The line of sight and the axis of the bubble tube now being each 
parallel to the axis of the T's are parallel to each other, and the level 
is in adiustment. This is the only essential adjustment of the level, 
and if the bubble be centered carefully in every new direction that 
a sight is taken there will be no error in the work. 

It is desirable, however, as a matter of convenience, that the ver- 
tical axis be made truly vertical, so that if the instrument is leveled 
in one direction the bubble will remain centered while the instru- 
ment is moved in azimuth. 

To make the vertical axis truly vertical, proceed as follows: 

The instrument must first be adjusted as above indicated. Set up 
the instrument and bring the telescope over a diagonal set of leveling 
screws. Center the bubble by the leveling screws. Turn the instru- 
ment 180® in azimuth. If the vertical axis is not truly vertical, the 
bubble will leave the center, and the amount of movement will 
measure twice the error. Correct by moving the bubble^ halfway 
back by means of the large nut under one Y. Verify the adjustment, 
and, if necessary, repeat. 

"Peg method." The method of adjustment of the level given as- 
sumes that the two rings on the telescope tube which rest in the T's 
are circular and exactly equal by construction. This is looked to by 
good instrument makers. 

The line of sight and axis of the bubble may be made perpendicular 
independently of these two rings and the axis of the T's by the method 
known as the " peg method." This method is described in full under 
the adjustment of the transit, paragraph 166. 

Lever rods are of two kinds, target and self-reading or speaking. 
The target rod is finely graduated and has a metal target shding on 
it, whicn is graduated as a vernier. The levelman signals to the 
rodman, who moves the target up or down until it is in the correct 
position, when the reading is taken by the rodman, or else the rod 
is carried to the levelman to be read. The ordinary form is the New 
York rod. The rod proper is in two parts, which sfide on each other. 
For readings up to 6.5 leet the target is moved on the rod and read 
from the graduation on the front part by a vernier on the target. 
For greater readings the tareet is clampea at 6.5 feet and the back 
part of itxQ rod slid up on me front part, the reading being taken 
from a scale on the side of the back part of the vernier on the side of 
the front part. The rod is graduated to hundredths of feet and the 
verniers read to thousandths. 



204. 
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Wmji NOTKS FOB profuje lbyeung. 



station. 


B.S. 


H.I. 


F.S. 


Eleva- 
tion. 


B. M. and 
T. P. ele- 


Remarks. 


B.M.16 


7.825 


115.080 






107.264 


X cut on east end of 









6.32 


108.77 




south abutment of 
Main Street BMdge 


1 






5.01 


110.08 




2 






4.78 


110.31 




over Jones Creek. 


3 






'3.22 


111.87 


• 




T-P. 


7.326 


119.978 


2.437 




112.652 




4 






8.28 


11L70 






4 70 






7.32 


112.66 






5 






6.26 


114.72 






6 






3.16 


116.83 






6 96 






2.14 


117.84 






7 






%QS 


117.93 






T.P. 


9.326 


127.807 


1.487 




118.641 


X cut on northwest 


9 






7.96 


120l62 




cornertopste_pSt. 
Lukes Church.' 




15. 151 




3.874 








3.874 












11.277 




107,264 












118.641 



FIBLD NOTES FOR DrFPBRENTIAL LUVELINO. 



Station. 



B. M. 21 
T.P. 1 
T. P. 2 
T. P. 8 
B.M. 



B.S. 



8.75|fc • 
' 9.36f 
10«213 
6.428 



84.758 
8,782 



25.976 
374.256 



400.232 



aL F.S. 



;lfB3.0Oa 

889.936 
398.003 
401.215 



2.487 
2.146 
d.21j6 
0.988 



8,782 



Eleva- 
Uon. 



874.256 
880.571 
887.790 
394. 787 
40a232 



Remarks. 



X cut on northeast comer of 
coping of bridge corner Main 
and Second Streets. 

Station No. 3. 



PROFp^ LETEUNG. 

205. To determine a profile: The line to be profiled is first sta- 
tioned, eyery 100 foot point or such other distance as is desired being 
distinctly marked, usually with a stake. The level is set up and a 
rod reading called a back sight (B. S.J taken on a point, called a 
benck mark (B. M.) whose elevation is known. When the B. S. is 
added to the elevation of the B. M., it ^ves the keight of the instru- 
ment (H, I.). Rod readings called fore sights (F. S.), may then be 
read on as ddl*^ station pomts as can be conveniently seen from the 
instrument. Tne devation of the point on which the rod rests, 
when A. F. S. is taken is found by subtracting the F. S. from the H. I. 

F. S.'s are taken to all station stakes and also to all changes of 
slope whether they fall at a station or not; and intermediate sta- 
tions at midh pomts are located by tape measurement^. When 
all the required F. S.'s hare been taken tnat are desired from first 
set up and it becomes neccissary to move the instrument to a new 

99496*^—: 
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position to proceed ftl^otig th«' Hme'td beprofitad, a turning point 
(T. P.) is selected and its elevation is determined by a careful F. S. 
This elevation is to be used to determine the height of instrument at 
the new position. This is done by setting up the instrument at the 




/■/>,. Z9 



.1 tJikl W^i, .'^, 
■ 1 : ■; I 'i'* ''•>(;•• •- '. 1/; 1;::'' / wj] 'i !'!) '. /. 'j ; 

nefw position and'taking^a'blick^sifeWjiJatithaT.-FA. "Tbife^B; 3;>add[ed 
to the predetermined efevicitkm of iJfe^T.'F.yif theHMi^ftpr'thaili^w 

?o8ition. As soon a& -tiiisis'f^uiid ]^'S^s>m«iy>betaUelv chi tii^diii^ 
hen a new T. P. is selected from which to deten]|ine- tjia H* X^ of a 
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third position of the level, etc, Beaidisgs. Dn B.; ]li.^s( anft T. B.'a 
shanJid be taken, to one more deoimad place tbiia t)ioee i9r the^ profile. 
The B. M,'& are all carefully de^ribed in the notes^ Ae t^ rule the 
T. P/s are not ao described^ aa they are ol temporary uae oojy, 
except when they ^e taken on easily identified points. 

In short lines where great accuracy is not needed, the T* P.'s paay 
be stones or stakes dnven into the grpnnd at conveni^it poi^ts^ 
When accurate work i3 attempted a better. T. P. muat be ii^ed; 
such as the head of a hatchet the blade of which is, firmly, driven 
into the ffround> or a larse stone well embedded; still betteri a steel 
pin 8 inches lon^, caniea by tjbie rodnaaa for the purpose. Sucb a 

Ein should be drtyen into the groimd for use and its top i^ould be 
ept rounded by frequent dressiiig so 4liat thei'e shall oe biut one 
Joint of contaoftr with, the rod; as soon as Uie new H. I. has been 
etermined from the T. P.^ the st^el pin is pulled from the ground 
by a cord through, an eye m the pin, and used at the next T. P. 

The H. L must alwuya be obtaiaed from a B. M. oi pro](er T, P.; 
it should never be determined from a stake on the line wmcb. is not 
perfectly firm v^ the ground and provided with an upper, surface 
giving only one pi?int of cfxntact. 

DIFFERENTIAL LEVtXJNG. 

206. In differential leveling, properly speaking, the only re^t 
sought is the determination of the difference of elevation of two 
points, such as between an eodsting B. Mv acid one newly established^ 
etc. No stationing^of such a line is necessary and all sights taken 
are to T. P/s orB. M.'s. Differential and profile leveling meige 
into each other and there are few cases in practice where the line 
run is not a combination of the two* 

USVEL NOTESw 

207. The forms given in paragraph 207 are recommended. The 
column arrangement gives the order of Work. All level lines should 
be checked as shown on the forms. The difference between the 
sum of the B. S.'s and the sum of the F. S.'s, between any two eleva- 
tions, added or subtracted, as the dsise may be, to the first elevation 
will give the other elevation. This check appUes only to, the sights 
which are included in the chain of the levels. No F. S. on other 
than T. P.'a or B. M.'s are part of the chain of levels. This check is 
arithmetic only and therefore exa^Qt. It is in. no waiy a check on the 
leveling, but only on the accuracy of the notes* 

▲ level line is a curved line evervwhere perpendicular to the plumb 
line, while the line of sight of the instrument is a horizontal line 
tangent to the level line through Ihe iustrument. . In order, there- 
fore^ to run out a line of levels (curve) by means pf a straight line 
of sight, it is necessary tha,t the F. S. and B, S. be equal in length. 
The varying densities of layers of air cause a ray of light to be bent 
in a vertic^ direction. Tne effect of this benaing (ref ri^ot^i^) can 
be eliminated by limitin£[. th^ sights to 300 to 400 feet and making 
the F. S. and B. S, equal* The boiling of the air ipay make neces- 
sary even shorter sights than these. 

208. The accuracy of level lines may be checked as follows: Double 
redded lines may be run. In ^u^ lu^. for evieiy set i\p pf the instru- 
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ment two (2) T. P.- s are read. They should be close together but 
should vary in elevation by at least a foot. This gives two inde- 
pendent determinations for each H. I. When these independent 
determinations diflFer by small amoimts, the work is accepted and 
notes of both determinations are taken. If they show sudden marked 
differences, the work is investigated on the spot till the error or 
mistakes are discovered and corrected. By this method the leveler 
knows at all times the measure of the precision of his work before 
he leaves the field. 

Another method is to run what are called level loops. The level 
line is carried forward a mile or so and then closed back to the initial 
point. If the circuit closes within the allowable limit of error, the 
work is accepted, the error distributed properlv; the work then 

1)roceeds from the outer end of the loops as a B. M. and a second 
oop is run, etc. The allowable error in the precise leveling of the 
United States Coast and Geodetic Survey is 4 millimeters multiplied by 
the square root of the distance run in kilometers. For such work self- 
reading level rods are used and in the construction of the instrument 
and its manipulation. The observations are made in such a manner 
as to eliminate the recognized common errors in leveling, which are 
setting of level on soft ground; unequal expansion and contraction 
of different parts of the instrument due to temperature changes; 
irr^ular refraction of air near the ground; unequal length of back 
and fore sights; poor turning points; rod not held plumb; bubble 
jxot centered when reading is taken. These errors may be eliminated 
in levels run with the engineer's level and results of considerable ac- 
curacy obtained. The ordinary Y level has givei^ results well within 
the accuracy of precise work. The allowable error of the United 
States Geological Survey primary levels is equal to the square root of 
the number of miles run multiplied by 0.04 oi a foot (0.04 foot-miles) . 
Work of such accuracy is done only on the main level control lines of 
a survey; between points thus accurately detennined are run level 
lines of a lesser accuracy by the level of tne transit and stadia or by 
the aneroid, these latter classes of lines being adjusted to the more 
accurate Unes. 

SPEED OF LEVELING. 

209. The speed with which levels may be run varies greatly with 
the accuracy aesired, the character of the country run over, the atmos- 
pheric conmtions, the method of leveling employed, and the skill of 
the levelmen and rodmen. Engineering levels of considerable accu- 
racy, such as the primary levels of tke United States Geological Snryey 
are run at speeds varying from 50 to 90 miles per month; the precise 
levels of the Coast and Geodetic Survey have been at the rate of 3 to 
5 mUes per day (precise levels are, of course, usually run over the 
best ana most favorable grades). Flying levels, in which T. P/s 
only are taken, may be run under the most favorable conditions at a 
rate of over 10 miles per day. 

210. I^he logiftritkiii of a number is the exponent of the power to 
which a certain other number, called the base, must be raised to pro- 
duce the given number. The base of the system most used, -called 
common logarithms, is 10. 

In any system — 

The log. of a product equals the sum of the logs, of the factors. 
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The log. of a quotient equals the log. of the dividend minus the log. 
of the divisor; or the log. of a common fraction equals the log. of the 
numerator minus the log. of the denominator. 

The log. of 1 is 0; since the log. 1 « the log. j « the log. 1 —log. 1 «0. 

The log. of a power of a number equals the log. of the number mul- 
tiphed oy the exponent of the power. The log. of a root of a number 
equals the log. of the number divided by the index of the root. 

The first property above is utilized in the construction of the tables. 
Each log. is the sum of the logs, of two factors of which its number 
is composed, and the factors may be so chosen that the log. of one is 
a whole number, called the characteristic, and the log. of the other 
is a decimal fraction, called the mantissa. Any number may be 
resolved iato two factors, one of which is the numb^ itself with the 
decimal point after the first simificant figure, and the other the fig;ura 
1, alone, or followed of preceaed by one or more ciphers. 

Thus: 

3760=3.76X1000 log.«3.67518 

376=3.76X100 Iog.=2.57518 

37.6=3.76X10 log.=1.67518 

8.76=3.76X1 log.=0.67518 

0.376=3.76X0.1 log.«iI.57518 

0.0376=3.76X0.01 lQg.=5.57518 

0.00376=3.76X0.001 log.=5.57518 

The log. of the constant factor, 3.76 in the above example, is always 
a positive decimal fraction, and is called the mantissa. The log. of 
the variable factor in the third column above is a whole number and 
may be positive or negative. It is called the ciaracteristic. The 
logs, of all numbers presenting the same combination of significant 
fibres have the same mantissa regardless of the position of the deci- 
mal {)oint. logarithmic tables contain manti$89>s only, since the char- 
acteristics may be written by inspection and knental calculation. To 
this rule tables of logarithmic circular functions are an exception, as 
will be explained later. If the number is whole or mixed, the charac- 
teristic 01 its log. is positive, and one less than the number of places 
of figures in the integral part, or on the left of the decimal point. If 
the number is a decimal fraction, the characteristic of its log, is 
negative, and one greater than the number of ciphers immediately 
following the decimal point. See example preceding. If the char- 
acteristic is positive, the log. is a mixed number and may be treated 
as such in addition, subtraction, multiplication, and division. 

If the characteristic is negative, the log. is not a true mixed number 
and special treatment is necessary. A negative characteristic may 
be considered as composed of two numbers, one negative and the 
other positive. The positive number, prefixed to the inantissa, forms 
a mixed number for arithmetical operations. The positive and nega- 
tive parts may be simultaneously mcreased numerically by the same 
number without altering the value of the log. 

Thus: 

3.4281=3+0.4281 
=?4-1.4281 
=5+2.4281, etc. 



lis TOPOGBAI^HY, MA*? TlEAmiSTG, AOT> ItfiCOKNAISSANCE. 

For example, to multiply i. 7-265 by 4. 

3+0.7265 



l6+2.9060=Iiw9060, whieh is tLe required result. 
To subtract T.8432 from 3.1329=1 + 1.1329. 

i+1.1329 
1+0.8432 



5+0.28d7=^H.28^7 
To divide 5.2368 by 7. 2.2368-7+5.2368. 

^±^^=T+0.74S1-T.7481 

In tlis case the number added to the minus characteristic should 
be itist dnough to make it exactly divisible by the divisor. 

In the logs, of circular fimctions a characteristic is given in the 
tables which is larger by 10 than the true characteristic. These logs, 
may be used by the above rule by prefixing 10 to each. TTius the 
log. sine of 21 mm. as given in the table = 7.78594. The true log. is 
T0 + 7.78594, or 3.78594. Those who are famihar with the use of 
these ^ logs, perform the operation on the 10 mentally. The inex- 
perienced will do well to write them out in full. 

EKPLANATION OF TH£ TABLE. 

211. Table IV gives to five decimal places the common logs, of 
numbers from to 999 ditectly, and by interpolation from to 9,999. 
If the log. of a number larger than 10,000 is desired, factor it and 
take the sum of the logs, of the factors. Thus, log. 99,225= log. of 
75,000 plus the log. of 1.323 = 4.87506 + 0.12156 = 4.99662. Or con- 
vert the number mto a mixed number less than 1,000 and find its 
log. Thus, log. 992.25 = 992 + i difference between 992 and 993 = 
99,662, which is the mantissa for 99,225, 

In the table the logs, of 2 to 9, inclusive, are found at the tops of the 
columns. For numbers above 10, the first two figures are in the 
first column, the third at thB tops of the columns, and the fourth is 
interpolated. The right-hand column contains the average differ- 
ence in each line between logs, in successive columns. For the 
fourth place multiply one-tenth of the difference on the same line 
by the lourth figure, and add the product to the log. of the first three 
figures. Thus: 

To find the log. of 4,827, look for 48 in the left-hand column; fol- 
low the line to the column headed 2, and take out the mantissa 
0.68304 for the number 482. In the right-hand column on the same 
line is the difference 90, one-tenth of which, 9, multipHed by the 
fourth figure, 7, = 63, to be added to the log. of 482, makmg the man- 
tissa of 4,827=^0.68367. The characteristic is 3 or 1 less than the 
number of places of integral %ures in the number, hence the com- 
plete log. of 4,827 is 3.68367. 

When the difference exceeds 200, if close results are desired, use 
the difference obtained bv subtracting the number foimd for the 
third figure from that in the column for the next higher figure. 

The number corresponding to any log. may be obtained from the 
table by the inverse process. If the given log. is found in the taW'^ 
the corresponding number consists of the two figures on the lef ' 
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the line, followed by the one at the top of tlui c^Aumh, If ih^ t*HU4 i, 
log. is not in the table^ find the next otu^ billow ftmi Uk^ ohI/ U^f I I^M m 
figures for that. Take the differcncji^ hi^Xwiwii i\th Hivi^h \nu hhtl iht^ 
one found in the table next bek>w it ttud iliyUUt ihm tl^lfthhtu iff 
one-tenth the tabulated differenr^j <m i)i^ liht% YlniM 4own iitM 
qnotieni for t^ fourth %ur6 id tbe rt^^uu^i^A /mi/i W, 

Thus, to find the number c^jrremHjuHn^c Up \ .i^^M, 'th'^ 'm wti, 
in the table and the next h^^fw in 4^/M^ 'Vt$^. iff*t iw****^ oh i '//- 1/ il, 
d the line are 31 and the %are at Ufp f4 f/Antttu m Z, iU-^f^^ y*^/i 
is the nmnber ctcMTeqxm^fii^ tr> ^^Im, Tf/^. ^i^^h'4*^m ^/^*t/^^u 
^.638 and 4dJh54 b Si, wltie}. diri i#^ )/y H '/f /^-*.->^ >f, // * a 
Ubukted diffo^nce 13S ^/n tt>f n^.t ^M V>r t'^? j^ ^^v, it //.y/.^>,t 
ef 6 to be «♦ down as thi? fo»irtfc (-•rw*. ><*>'>;<? ♦"-* ♦ / ^ ^a^ /a. 

r.'-.j-ar.t £g»srcg axe iiasseiiiatefy af>r tx*^. '^♦/'^au***. j/*/-/ 
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Table iy---Gontintted. 

Common logailthmf , 1 to 099— Continued. 



No. 





1 


2 


3 


4 


6 


6 


7 


6 


f 


Dlft. 


61 


78633 
79239 
79934 
80618 
81291 
81954 
82607 
83250 
83884 
84509 

85125 
85733 
86332 
86923 
87506 
88081 
88649 
89209 
89762 
90309 

90648 
91381 
91907 
92427 
92941 
93449 
93951 
94448 
94939 
95424 

95904 
96378 
96848 
97312 
97772 
98227 
98677 
99122 
99563 


78804 
79309 
80002 
80685 
81358 
82020 
82672 
83314 
83947 
84571 

85187 
86793 
86391 
86981 
87564 
88138 
88705 
89265 
89817 
90363 

90902 
91434 
91960 
92479 
92993 
93500 
94001 
94497 
94987 
96472 

96951 
96426 
96895 
97359 
97818 
98272 
98721 
99166 
99607 


78675 
79379 
80071 
80753 
81424 
82085 
82736 
83378 
84010 
84633 

85248 
85853 
86451 
87040 
87621 
88195 
88761 
89320 
89872 
90417 

90955 
91487 
92012 
92.'>31 
93044 
93550 
94061 
94546 
95036 
95520 

95990 
96473 
96941 
97405 
97863 
98317 
98766 
99211 
99651 


78746 
79448 
80140 
80821 
81491 
82151 
82801 
83442 
84073 
84695 

85300 

85913 
86510 
87096 
87679 
88252 
88818 
89376 
89927 
90471 

91009 
91540 

^2m 

92582 
93095 
93601 
04101 
94A96 
95086 
05568 

96047 
96520 
96988 
97451 
07909 
96362 
98811 
99256 
99694 


78816 
70618 
80206 
80688 

81557 
82216 
82866 
83505 
84136 
64767 

85360 
85973 
86560 
87167 
87737 
88300 
88874 
9dm 
89C82 
90526 

91062 
91592 
02116 
02634 
03146 
03661 
04151 
04645 
05133 
05616 

06004 
06567 
07034 
07497 
07054 
06407 
06856 
00200 
00738 


78887 
70686 
80277 
80056 
81624 
82288 
82030 
83560 
64108 
84618 

6S430 
86033 
66€26 
67216 
67704 
88366 
86930 
89487 
00036 
00570 

01116 
01645 
02166 
02686 
03196 
98701 
9420O 
94694 
96162 
www* 

96142 
96614 
97081 
97543 
96000 
96452 
96900 
99343 
99782 


78056 
79667 
60345 
61023 
81690 
82347 
82994 
83632 
84260 
84860 

66401 
86098 

86667 
87273 
87853 
88422 
88686 
89542 
90091 
90633 

01160 
01696 
08220 
02737 
03247 
03761 
042»l 
04743 
06230 
06712 

06160 
06661 
07127 
07580 
08045 
06407 
06045 
00387 
09825 


79088 
79796 
80413 
61090 
81756 
68413 
83056 
63695 
64323 
64041 

65661 

86163 
60746 
87332 
87000 
88470 
60043 
80507 
90146 
90687 

01823 
91750 
08873 
98786 
03206 
O3808 
0430Q 
04708 
06379 
06780 

06336 
06706 
07174 
97636 
96091 
96542 
98989 
99431 
99869 


T9006 
70796 
8(M83 
61167 
81822 
63477 
63183 
83758 
64365 
86003 

66628 

1^ 

87360 
67966 
86536 
89096 

69653 

90741 

01376 
91803 
08S84 
08830 
0S348 
08858 
04340 
04841 
06327 
06806 

06864 
06754 
07220 
97680 
06136 
06587 
09033 
09476 
09913 


70160 
79666 
80550 
81234 
81886 
88543 
63187 
83821 
64447 
65064 

85672 
86272 
86864 

87448 
88QM 
68592 
89153 
69707 
90264 
90704 

01386 
01855 
08876 
08880 
03399 
93903 
94396 
94890 
96376 
95656 

96331 
. 96601 
07366 
07726 
06181 
06638 
09078 
99619 
99956 


71 


(12 


70 


(J3 


60 


64 


66 


66 


67 


66 


66 


67 


65 


68 


64 


09 


68 


70 


68 


71 


61 


72 


60 


73 


fiO 


74 


58 


75 


57 


76 


66 


77 


66 


78 


55 


79 


54 


80 


54 


81 


58 


82 


53 


83 


53 


84 


51 


85 


51 


86 


50 


87 


40 


88 


40 


89 


48 


90 


48 


91 


48 


92 


47 


93 


47 


94 


46 


95 


46 


96 


45 


97 


45 


98 


44 


99 


44 
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Table V. — Common logarithms of circular functiona. 



Arc. 


Sine. 


Difl. 


Cosine.. 


Difl. 


Tang. 


Difl. 


Cotang, 




o / 

00 


inf-nes. 




10.00000 




Inf.neK. 




Illf.p08. 


90 .00 


01 


6.46373 




l&QOOOO 




6.46373 




59 


02 


.76476 


30103 


lOi 00000 




.76476 


301C3 


.23524 


58 


08 


6.94065 


17609 


10.00000 




6.94085 


17609 


13.06915 


57 


04 


7.06579 


12494 


10.00QOO 




7.06570 


12494 


12.03421 


66 


05 


.16270 


9601 


10.00000 




.16270 


9691 


.83730 


55 


06 


.24188 


7918 


9.99999 




.24188 


7918 


.75812 


54 


07 


.30882 


6604 


.99999 




.30662 


6694 


.69117 


53 


06 


.36682 


5800 


.99999 




.36682 


5800 


.63318 


52 


09 


.41797 


5115 


.99999 




.41797 


5115 


.58203 


51 


10 


.46373 


4576 


.99999 




.46373 


4576 


.53627 


50 


11 


7.505U 


4139 


9.99999 




7.50512 


4139 


12.49488 


49 


12 


.54991 


8779 


MOM 




.54291 


3779 


.45709 


48 


13 


.57767 


3476 


.99999 




.5n67 


3476 


.42233 


47 


14 


.60065 


8218 


.99999 




.60966 


3219 


.39014 


46 


15 


.63962 


2996 


nnnnn 




.63082 


2906 


.36018 


45 


16 


.66384 


' 2803 


.99999 




.66785 


2803 


.33215 


44 


17 


.69417 


2633 


MfiQO 




.69418 


2633 


.30582 


43 


18 


.71960 


2482 


.99999 




.71900 


2482 


.28100 


42 


10 


.74248 


2348 


AAQQQ 




.74248 


2348 


.25752 


41 


20 


.78475 


2227 


.99999 




.76476 


2228 


.23524 


40 


21 


7.78604 


2119 


9.99999 




7.78595 


2119 


12.21405 


39 


22 


.80615 


2020 


90909 




.80615 


2020 


.19384 


38 


23 


.82645 


1930 


QnftQQ 




.82546 


1931 


.17464 


37 


24 


.84393 


1848 


.99999 




.84894 


1848 


.15606 


36 


25 


.86166 


1773 


.99999 




.86167 


1773 


.13833 


35 


26 


.87869 


1703 


.99999 




.87871 


1704 


.12129 


34 


27 


.89508 


1639 


.99999 




.89510 


1639 


.10400 


33 


28 


.91088 


1580 


QQQOQ 
. tfWW 




.91089 


1579 


.08911 


32 


29 


.92612 


1524 


.99998 




.92613 


1524 


.07387 


31 


30 


.94084 


1472 


AAQQQ 




.94066 


1473 


.05914 


30 


31 


7.95608 


1424 


9.99998 




7.96510 


1424 


12.04490 


29 


32 


.96887 


1379 


.99998 




.96889 


1379 


.08111 


28 


33 


.96223 


1336 






.98225 


1336 


.01775 


27 


34 


7.90520 


1297 


.99998 




7.99622 


1297 


12.00478 


26 


35 


8.00779 


1269 


.99998 




8.00781 


1259 


11.99219 


25 


36 


.02002 


1223 


.99998 




.02004 


1223 


.97996 


24 


37 


JJ&192 


1190 


.99097 




.03194 


1190 


.96805 


23 


38 


.04850 


1158 


.99997 




.04853 


1158 


.95647 


22 


39 


.05478 


1128 


.99997 




.08481 


1128 


.94519 


21 


40 


.06678 


1100 


.99997 




.06581 


1100 


.93419 


20 


41 


8.07650 


1072 


9.99997 




R. 07653 


1072 


11.92347 


{9 


42 


.06696 


1046 


.99997 




.08700 


1047 


.91300 


18 


43 


.09718 


1022 


.99997 




.09722 


1022 


.90278 


17 


44 


.10717 


998 


•99996 




.10720 


999 


.89280 


16 


45 


.11693 


976 


.99996 




.11696 


976 


.86304 


15 


46 


.12647 


954 


QQOQA 




.12651 


955 


.87349 


14 


47 


.13581 


934 


.99996 




.13585 


934 


.86415 


13 


48 


.14495 


914 


QQOQA 




.14500 


915 


.85500 


12 


49 


.15391 


895 


.99996 




.15395 


895 


.84605 


11 


50 


.16268 


877 


.99995 




.16273 


878 


.88727 


10 


51 


8.17128 


860 


9.99995 




8.17133 


860 


11.82867 


9 


52 


.17971 


843 


.99995 




.17976 


843 


.82024 


8 


53 


.18798 


827 


.99995 




.18804 


828 


.81196 


7 


54 


.19610 


812 


.99995 




.19616 


812 


.80384 


6 


55 


.20407 


797 


99994 




.20413 


797 


.79587 


5 


56 


.21189 


782 


.99994 




.21195 


782 


.78805 


4 


67 


.21958 


769 


Qftftft^ 




.21964 


769 


.78036 


3 


68 


.22713 


755 


.99994 




.22719 


755 


.77280 


2 


50 


.23456 


743 


QQQftjl 




.23462 


743 


.76538 


1 


60 


8.24185 


729 


9.99993 




8.24192 


730 


11.75808 


89 




Cosine. 


Difl. 


Sine. 


Difl. 


Contag. 


Difl. 


Tang. 


Arc. 
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Table V. — Common logarithms o/circ«ter/unc^ion*-+Oontinued. 



Arc. 


Sine. 


Difl.. 


CofiiDe. 


Dlff. 


Tang. 


Difl. 


Cotang. 




t 

1 00 


8.24185 


729 


9.99993 




8.24193 


730 


11.76608 


• e 1 

60 


01 


.2490^ 


718 


.99993 




.24910 


718 


.76090 


59 


02 


.25609 


706 


.99993 




.25&16 


706 


.74383 


58 


03 


.26304 


695 


.90993 




.26311 


695 


.73668 


57 


04 


.26988 


684 


.99992 




.26996 


685 


.73004 


56 


05 


.27661 


673 


.99992 




.27669 


673 


.72331 


55 


06 


.28324 


663 


.99992 




.28332 


663 


.71068 


64 


07 


.28977 


653 


.99992 




.28986 


654 


.71014 


53 


08 


.29621 


644 






.29629 


643 


.70371 


53 


09 


.30265 


634 


.99991 




.30363 


634 


.69737 


61 


10 


.30879 


624 


.99991 




.30688 


625 


.60113 


60 


11 


8.31495 


616 


9.99991 




8.81505 


617 


11.68105 


49 


12 


.8M03 


608 


.99990 




.32112 


607 


.67888 


48 


13 


.33702 


599 


.99990 




.82711 


599 


.67389 


47 


14 


.33292 


590 


.99990 




.33802 


591 


.60007 


46 


15 


.33875 


583 


.99990 




.83886 


S84 


.06114 


46 


16 


.34450 


575 


.99969 




.34461 


575 


.66639 


44 


17 


.35018 


568 


.99969 




.35029 


668 


.64071 


43 


18 


.35578 


560 


.99989 




.35589 


500 


.64410 


43 


10 


.3«131 


553 


99988 




.36143 


654 


.63857 


41 


20 


.36678 


547 


.99988 




.86689 


646 


.63310 


40 


21 


8.37217 


539 


9.90988 




8.37220 


5«) 


11.62771 


39 


22 


.37750 


533 


.99988 




.37762 


533 


.63338 


38 


23 


.38276 


526 


.99987 




.38889 


627 


.61711 


37 


24 


.38796 


520 


.99987 




.38809 


520 


.61101 


36 


25 


.39310 


514 


.99987 




.39323 


514 


.60677 


35 


26 


.39818 


508 


.99086 




.89631 


508 


.60168 


34 


27 


.40320 


502 


.9^6 




.40834 


503 


«59666 


33 


28 


.40816 


496 


.99986 




.40630 


496 


.6M70 


33 


29 


.41307 


491 


.99985 




.41821 


491 


.58679 


31 


30 


.41793 


485 


.99985 




.41807 


486 


.68193 


30 


31 


8.42272 


480 


9.99965 




8.43387 


480 


11.57713 


39 


32 


.42746 


474 


99984 




.43762 


475 


.57238 


38 


33 


.43216 


470 


.99984 




.43231 


469 


.56768 


37 


34 


.43680 


464 


.99984 




.43606 


465 


.56804 


26 


35 


.44139 


459 


.99963 




.44156 


460 


.56844 


25 


36 


.44594 


455 


.99083 




.44611 


455 


.65889 


34 


37 


.45044 


450 


.99983 




.45061 


450 


.54939 


23 


38 


.45489 


445 


.99982 




.46607 


446 


.54493 


23 


39 


.45980 


441 


.99082 




.46948 


441 


.54063 


21 


40 


.46366 


436 


.99982 




.46385 


437 


.63615 


20 


• 41 


8.46798 


432 


9.99981 




8.46817 


432 


11.63183 


19 


42 


.47326 


428 


.99981 





.47345 


428 


.63755 


18 


43 


.47650 


424 


.99980 


* 


.47669 


424 


.53331 


17 


44 


.48069 


419 


.99980 




.48089 


420 


.51911 


16 


45 


.48485 


416 


.99980 




.48605 


416 


.61495 


15 


46 


.48896 


411 


.99979 




.48917 


412 


.61083 


14 


47 


.40304 


408 


.99979 




.40825 


408 


.50676 


13 


48 


.49708 


404 


.99979 




.49729 


404 


.60371 


12 


49 


.50108 


400 


.99978 




.50130 


401 


.49870 


11 


50 


.50504 


396 


,99978 




.50627 


397 


.49473 


10 


51 


8.50697 


393 


9.99977 




8.60920 


393 


11.49080 


9 


52 


.51287 


390 


.99977 




.51310 


390 


.48690 


8 


53 


.51673 


386 


.99976 




.61696 


386 


.48304 


7 


54 


.53055 


382 


.99976 




.63079 


383 


.47921 


6 


55 


.52434 
.53810 


379 


.99976 




.53459 


380 


.47641 


5 


56 


376 


.99975 




.63835 


376 


.47165 


4 


57 


.53183 


373 


.99975 




.53208 


373 


.46793 


3 


58 


.63552 


369 


.99974 




.63578 


370 


.46422 


2 


59 


.53919 


367 


.99974 




.63046 


367 


.46055 


1 


60 


8.54^ 


363 


9.99973 




8.64306 


363 


11.45693 


88 




Cosine. 


Difl. 


Sine. 


Difl. 


Cotang.- 


Difl. 


Tang. 


Arc. 
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Table V. — Common logctHthrna 6/ circular function9 — Continued. 



Arc. 


Sine. 


DMf. 


Coislne. 


Diff. 


Tang. 


Diff. 


Cotang. 




2 00 


&542S2 


S63 


9-98973 




S,5«0S 


3Ga 


lU^'sm 


«0 


01 


.54642 


360 


99973 




,54069 


361 


.43p 


59 


02 


.54999 


357 


,90973 




,65027 


358 


.44^3 


m 


oa 


.55354 


355 


,99972 




.65382 


365 


.44618 


57 


04 


.55705 


351 


,99972 




.55734 


352 


.44266 


56 


05 


.5t>054 


340 


.80971 




,5(1083 


349 


.43917 


55 


06 


.5*>400 


346 


,99071 




.56429 


346 


.43671 


54 


07 


,50743 


343 


.99970 




.,W773 


344 


.4,1227 


63 


OS 


.67084 


341 


.99970 




.57114 


341 


.428S6 


52 


m 


.57421 


337 


.999fi9 




,57452 


33,8 


.42.^>4S 


51 


10 


,57757 


33e 


.99969 




.57788 


336 


.42212 


50 


It 


s^asoea 


332 


9.09908 




8.58121 


333 


11.41379 


49 


IS 


.5»419 


330 


.999GS 




.58451 


330 


,41549 


48 


13 


.53747 


328 


.99907 




,58779 


323 


.41220 


47 


14 


.56072 


325 


.09967 




.59106 


326 


.40995 


46 


15 


.5^395 


323 


.99966 




.59428 


323 


.40572 


45 


Ifl 


.5^715 


330 


.99966 




.59749 


32 L 


,40251 


44 


ir 


.60033 


318 


.99965 




.OOOGS 


319 


.39932 


43 


la 


.COS49 


316 


.99965 




.60384 


31fi 


.39316 


42 


19 


.60603 


313 


.99904 




*00G98 


314 


.39302 


41 


30 


.60973 


3U 


.99904 




.61009 


311 


.38991 


40 


21 


a ^1282 


309 


9.99903 




8,61319 


310 


11.38681 


39 


22 


.615S9 


307 


.99903 




.61626 


307 


.38374 


38 


2a 


,61894 


305 


-99962 




.61931 


306 


.,38069 


37 


24 


.62196 


302 


.99062 




.62234 


303 


.37766 


36 


25 


.62496 


300 


.99961 




.62535 


301 


.374<J5 


3.1 


26 


.62795 


299 


.99961 




.62834 


299 


.37166 


34 


37 


.63091 


296 


.99900 




.63131 


297 


.36869 


33 


28 


.63385 


£&4 


.aygfjO 




.63426 


295 


.36674 


32 


29 


.63^i78 


293 


.990.^i9 




.§3718 


293 




31 


30 


.639GS 


290 


.99959 




.64009 


291 


.35991 


30 


3L 


8.64256 


2«S 


9.9fl9i,'>S 




8.64298 


2S9 


11.35702 


29 


33 


.64543 


287 


.99057 




.6458,1 


287 


.35415 


28 


33 


.64827 


284 


.99957 




.64870 


2S5 


.35130 


27 


34 


.66110 


283 


,990-^16 




.65154 


284 


,34840 


26 


35 


.6(B91 


281 


.99956 




.65435 


281 


.34565 


26 


36 


.65f»70 


279 


.99ft'>5 




,65715 


280 


.34285 


24 


37 


.659^7 


277 


.99955 




.65993 


278 


.34007 


23 


3S 


,66223 


276 


.990-14 




,66X39 


276 


,33731 


22 


dQ 


.66497 


274 


.99953 




.66543 


274 


.33457 


21 


m 


.66760 


272 


.99953 




.66816 


273 


,33184 


20 


41 


8.6703& 


270 


9,99952 




& 67087 


271 


11,32913 


19 


42 


.6730S 


2G9 


.99*^2 




,673.^6 


2fi9 


.32044 


IS 


43 


.07675 


207 


.99951 




.67624 


268 


.32376 


17 


44 


,67840 


2&5 


.999^1 




* 67890 


206 


,32110 


16 


45 


.68104 


264 


.99950 




.6S154 


264 


.31S46 


15 


4& 


.63306 


262 


,99949 




.68417 


263 


,315S3 


U 


47 


.68627 


201 


.99949 




.68673 


261 


.31322 


13 


46 


.6SSSfi 


259 


,99948 




.08938 < 


260 


,31062 


12 


49 


.69144 


25S 


.99947 




.69196 


258 


.30304 


11 


50 


,69400 


256 


.99947 




.69463 


£67 


.30547 


iO 


51 


fi- 69654 


254 


9.99946 




8.6070S 


266 


11.30292 


9 


52 


.60M7 


253 


,99946 




,699f>2 


254 


.30038 


8 


53 


.70159 


252 


.99945 




,70214 


262 


.29786 


7 


54 


.70409 


250 


.99944 




,70465 


a*ji 


.39535 


6 


55 


-70&>8 


249 


.99944 




.70714 


249 


.292^ti 


5 


60 


.70ffJ5 


247 


,99943 




.70962 


248 


.2903tf 


4 


57 


,71151 


246 


.99942 




,71208 


246 


,28792 


3 


58 


.71395 


244 


.99942 




.71453 


245 


.28647 


2 


59 


.7ia,5& 


243 


.99941 




, 71697 


244 


,28303 


I 


60 


8,718«0 


242 


9.99940 




a, 71940 


243 


11.2S0OD 


87 




Coaine, 


am. 


aiQe. 


J^ 


K. 


mn. 


TaQg. 


Am. 



^/h 
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Table V. — CamrMm hgarithms of circular functwM — Continued. 



Arc. 


Sine. 


Difl. Ck 


)siiiie. 


Difl. 


Tang. 


Difl. 


Cotang. 




o / 

3 00 


8.71880 


242 a 


99940 




8.71940 


243 


11.28060 


e t 

60 


01 


.72120 


240 


99940 




.72181 


241 


.27819 


69 


02 


.72350 


239 


99989 




.72420 


239 


.27579 


58 


03 


.72597 


238 


99938 




.72659 


239 


.27341 


57 


04 


.72834 


237 


99938 




.72896 


237 


.27104 


66 


05 


.73069 


235 


99937 




.73132 


236 


.26860 


55 


06 


.73308 


234 


99936 




.73366 


234 


.26634 


64 


07 


.73535 


232 


99936 




.73600 


234 


.26400 


53 


08 


.73767 


232 


99935 




.73832 


282 


.26168 


52 


09 


.73997 


230 


99934 




.74063 


231 


.26837 


51 


10 


.74226 


229 


OOtjOA. 




.74292 


229 


.25706 


50 


11 


8.74454 


228 9 


99933 




8.74521 


229 


11.25479 


49 


12 


.74680 


226 


99932 




.74748 


227 


.25252 


48 


13 


.74905 


225 


99931 




.74974 


226 


.25026 


47 


14 


.75130 


225 


90931 




.75199 


225 


.24801 


46 


15 


.75353 


223 


99930 




.76423 


224 


.24577 


45 


16 


.75575 


222 


99929 




.75645 


222 


.24355 


44 


17 


.75796 


220 


99929 




.76867 


222 


.24183 


43 


18 


.76016 


220 


99928 




.76087 


220 


.23913 


42 


19 


.76234 


219 


99927 




.76306 


%19 


.23603 


41 


20 


, .76451 


217 


99926 


......•• 


.76526 


219 


.23475 


40 


21 


8.76667 


216 9 


99926 




8.76742 


217 


11.23258 


39 


22 


.76883 


216 


99926 




.76058 


216 


.23042 


38 


23 


.77097 


214 


99924 




.77173 


216 


.22827 


37 


24 


.77310 


213 


99923 




.77387 


214 


.22613 


36 


25 


.77522 


212 


99923 




.77509 


212 


.22400 


35 


26 


.77733 


211 


99922 




.77811 


212 


.22189 


34 


27 


.77943 


210 


99921 




.78022 


211 


.21978 


33 


28 


.78152 


209 


99020 




.78232 


210 


.21768 


32 


29 


.78300 


208 


99920 




.78441 


209 


.21550 


31 


30 


.78567 


207 


99919 




.78649 


206 


.21361 


30 


31 


8. 78774 


207 9 


99918 




8.78855 


206 


11.21145 


29 


32 


.78979 


205 


99917 




.79061 


206 


.20930 


28 


33 


.79183 


204 


99917 




.79266 


206 


.20734 


27 


34 


.79386 


203 


99916 




.79470 


204 


.20530 


26 


35 


.79588 


202 


99915 




.79673 


203 


.20327 


25 


36 


.79789 


201 


99914 




.79876 


202 


.20125 


24 


37 


.79990 


201 


999K^ 




.80076 


201 


.19924 


23 


38 


.80189 


199 


99913 




.80276 


200 


.19723 


22 


39 


.80388 


199 


99912 




.80476 


200 


.19524 


21 


40 


.80585 


197 


99911 




.80674 


196 


.10326 


20 


41 


& 80782 


197 9 


99910 




8.80872 


196 


11. 19128 


19 


42 


.80978 


196 


99909 




.81068 


196 


.18932 


18 


43 


.81173 


195 


99909 




.81264 


196 


.18736 


17 


44 


.81367 


194 


99906 




.81450 


195 


.18641 


16 


45 


.81560 


193 


99907 




.81653 


194 


.18347 


15 


46 


.81752 


192 


99906 




.81846 


193 


.18154 


14 


47 


.81944 


192 


99905 




.8^HB8 


192 


.17962 


13 


48 


.82134 


190 


99904 




.8^830 


192 


. 17770 


12 


49 


.82324 


190 


99904 




>82420 


190 


.176179 


11 


50 


.82513 


189 


99903 




.82010 


190 


.17390 


10 


51 


'8.82701 


188 9 


99902 




8.82799 


189 


11.17201 


9 


52 


.82888 


187 


99901 




.82987 


188 


. 17013 


8 


53 


.83075 


187 


99900 




.83176 


188 


.16825 


7 


54 


.83261 


186 


99899 




.83861 


186 


.16639 


6 


55 


.83446 


185 


99898 




.88547 


186 


.16453 


5 


56 


.83630 


184 


QQfiOfi 

mRfvo 




.83732 


185 


.16268 


4 


67 


.83813 


183 


99897 




.88916 


184 


.16084 


3 


58 


.83996 


183 


99896 




.84100 


184 


.15900 


2 


59 


.84177 


181 


99805 




.84282 


182 


.15717 


1 


60 


8.84358 


181 9 


99894 




8.84464 


182 


11.15536 


86 




Cosiod. 


Difl. E 


}izie. 


Difl. 


Ck)tang. 


Difl. 


Tang. 


Arc. 
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Tabus y. — Common lo^onAaw (/cdrular/ttnchcm^- <\ii\timi<Hl, 



Are. 


Sine. 


Dtff. 


CtttDt. 


Dtt. 


ito«. 


183 


Cot«ng. 

lM59a6 
.13757 




e 1 

4 00 


8.84358 


181 


9.90894 


1 


8,84464 


fW 00 


10 


.88128 


1770 


.09885 


9 


.86»tS 


1779 


50 


ao 


.87828 


1700 


.99676 


9 


.87953 


1710 


aao47 


40 


30 


.89464 


1636 


.99666 


10 


.89598 


1615 


.10403 


»0 


40 


.91040 


1576 


.99856 


10 


,01185 


1587 


.08815 


30 


50 


.92561 


1521 


.99845 


U 


.99716 


1531 


.07884 


iU 


5 00 


8.94030 


1469 


9.99834 


11 


8.94195 


1479 


11.05808 


85 00 


10 


.95450 


1420 


.J»983S 


11 


.95637 


1432 


.04373 


AO 


20 


.96825 


1376 


.99813 


11 


.97013 


13H6 


.03987 


40 


30 


.98157 


1332 


.99800 


13 


.98358 


1345 


.01643 


30 


40 


.99450 


1293 


.99787 


13 


.99662 


1304 


.00538 


%\ 


50 


9.00704 


1254 


.99774 


1» 


9.00930 


1368 


10.99070 


10 


6 00 


9.01923 


1219 


9.99761 


13 


9.02103 


1333 


10.978J18 


84 no 


10 


.03109 


1186 


.99748 


13 


.03301 


1109 


.966:19 


AO 


20 


.04262 


1153 


.99734 


14 


.04538 


1157 


.05473 


40 


30 


.05386 


1124 


.99720 


14 


.05606 


1138 


.949:14 


:io 


40 


.06481 


1095 


.99705 


15 


.06775 


1109 


.03335 


30 


50 


.07548 


1067 


.99690 


15 


.07898 


10N3 


.02143 


10 


7 00 


9.08589 


1041 


9.99675 


15 


9.08914 


1050 


10.91686 


Nil 0(1 


10 


.09606 


1017 


.99699 


16 


.09947 


lorw 


.ormt 


AO 


20 


.10599 


993 


.99643 


16 


.10096 


1000 


.«K)44 


40 


30 


.11570 


971 


.99627 


16 


.11943 


9H7 


.88057 


ao 


40 


.12519 


949 


.09610 


17 


.12900 


906 


.87fWl 


»/l 


50 


.13447 


928 


.99593 


17 


.13894 


945 


.80146 


10 


8 00 


9.14355 


906 


9.99575 


18 


9.14780 


936 


10.89330 


83 00 


10 


.15245 


880 


.99557 


18 


.15688 


908 


.84313 


AO 


20 


.16116 


871 


.99539 


18 


.16577 


8K9 


.8;}433 


40 


30 


.16970 


854 


.99520 


19 


.17450 


873 


.AWiO 


;»o 


40 


.17807 


837 


.99501 


19 


J8306 


856 


,%\m\ 


Wl 


50 


.18628 


821 


.99482 


19 


.19146 


MO 


,80854 


10 


9 00 


9.19433 


806 


9.99462 


20 


9.19971 


835 


10.80039 


81 00 


10 


.20223 


700 


.99442 


20 


.20782 


811 


,7t»'^l8 


tM 


20 


.20999 


776 


.99121 


21 


.21578 


7W 


,784// 


40 


30 


.21761 


762 


.99400 


21 


.22361 


7«J 


.77^W<I 


'M) 


40 


.22509 


748 


.99879 


21 


,'RYM) 


im 


,imm 


'»} 


50 


.23244 


735 


.99357 


22 


.23887 


757 


Mm 


10 


10 00 


9.23087 


723 


9.99838 


22 


9.24632 


745 


wjMm 


80 my 


10 


.24677 


710 


.99313 


22 


,253V/ 


r^ 


,74«<5 


m 


20 


.25376 


699 


.99290 


23 


,WW» 


n\ 


,Tmi 


ih 


30 


.20063 


687 


.99917 


23 


.vn^jG 


711 


.TA'm 


'/^t 


40 


.26739 


676 


.9^/24} 


M 


,274<» 


W4 


,1WA 


'/If 


50 


.27405 


Wi 


.99219 


M 


,»IV, 


(¥4} 


,7I8M 


\h 


U 00 


9.28060 


655 


9.90196 


24 


0,208« 


67V 


iU.lWAk 


T4 t0l 


• 10 


.2005 


645 


.WI7») 


25 


,2«y. 


filh 


/mt-A 


t/ll 


20 


.2»40 


635 


.WfiS 


2& 


,^n'4, 


f/4i 


,f^0, 


4// 


ao 


.2M5 


«25 


,Yr\V* 


V» 


,7^m^, 


VJ 


,^//IM 


/// 


40 


.30583 


617 


.inrf€i 


V» 


,zim 


M2 


.t'^f.li 


'/ft 


30 


.ai80 


mc 


,90«7 


V, 


.32l» 


*M 


,WkiK 


fO 


n m 


9L3t79 


9m 


0.9«M0 


27 


•,«7#7 


t^/f. 


m ^m 


7n tft 


» 


jan% 


«» 


.r/.^t 


27 


.tWV/ 


t\>. 


.W^A 


f/, 


» 


jam 


*»2 


.wyw 


27 


.Vffii 


*^f4 


,W<^/ 


i^f 


3t 


jsmAi 


»ri 


.1«« 


» 


,%^,r. 


N*. 


.^MM 


//. 


« 


,%rtr. 


iV. 


-■wm 


» 


VAV, 


w. 


^A>^/( 


'/I, 


*: 


amsn 


^, 


,!MBM 


urn 








*h 




O^teb, 


UML 


iiM. 


Af* 



Tabids V.— Common togRw-itfoj^^.o/ciriaAtor/wnc^ioTw^r-Oaiiti^^ 



Arc. 


Siiie. 


Difl. 


Ckisina. 


I>«L 


Tang, . 


Di«. 


CotWJg- 




O 1 

13 QO 
10 
20 
30 


« 


.561 
d43 
5|7 
528 


1 


. 29 
29 
3D 
30 


'i 


579 
673 
667 
5$9 


■M 


/ 

77 00 
60 
40 
30 


40 
50 


:p8 


623 

517 


iSH^ 


. 30 
31 


, :& 


564 
5i7 


20 
10 


14 00 


9.38367 


509 


9.08660 


32 


9.39677 


641 


10.60323 


76 00 


10 


.38871 


604 


•98659 


31 


.40212 


65 


.69788 


50 


20 


.39358 


497 


.98627 


32 


.40742 


$0 


.69258 


40 


30 


.39860 


492 


.98594 


33 


.41266 


54 


.58734 


30 


40 


.40345 


485 


.98$6l 
.9S528 


33 


.41784 


518 


.58216 


20 


50 


.40825 


4^ 


33 


.42297 


513 


tOToa 


10 


15 00 


9.41300 


475 


9.98494 


34 


9.42805 


508 


'"-.'^ 


75 00 


10 


.41768 


468 


.98460 
.98^6 


34 


.43308 


503 


50 


20 


.42232 


454 


34 


.43806 


488 


.66194 


40 


30 
40 


.42690 
.43143 


458 
453 


.98391 
.98356 


35 
35 


.4^ 


^ 


.55?:01 
.55213 


30 
20 


50 


.43591 


448 


.98320 


36 


,4^271 


484 


.54229 


10 


16 00 


9.44034 


443 


9.98284 


36 


9^45760 


479 


10.642O0 


74 00 


10 


.44472 


438 


.98248 


36 


.46224 


474 


.53776 


50 


20 


.44905 


433 


.98211 


37 




470 


.53305 


40 


30 


.45334 


429 


.98174 
.98136 


37 


466 


.52839 


30 


40 


.45768 


424 


38 


.47022 


462 


.62378 


20 


50 


.46178 


420 


.98098 


38 


.48080 


458 


.61920 


10 


.17 00 


9.46598 


415 


9.98060 


38 


9.48534 


454 


10.61466 


73 00 


10 


.47005 


412 


»9$021 


39 


.48984 


450 


, .61016 


60 


20 


.47411 


406 


. 97982 


39 


.49430 


446 


.$0570 


40 


30 


.47S14 


403 


.97942 


40 


.49872 


442 


.60128 


30 


40 


.48213 


399 


.97902 


40 


.50311 


439 


.49689 


20 


60 


.48607 


394 


.97861 


41 


.50746 


435 


.49264 


10 


18 00 


9.48998 


391 


9.97821 
.97779 


40 


9.51178 


432 


10» 48828 


72.>00 


10 


.49385 


387 


42 


.61606 


428 


.48894 


50 


20 


.49768 


383 


.97738 


41 


.52030 


424 


.47869 


40 


30 


.50148 
.605^3 


880 


.97696 


42 


.53452 


422 


•g^ 


30 


40 


375 


.97653 


43 


.63870 


418 


20 


50 


.50896 


373 


.97610 


43 


.63285 


415 


! 40715 


10 


19 00 


9.51264 


868 


9.97667 


43 


9i 63697 


412 


10.46803 


71 00 


10 


.516^9 


366 


.97^23 


44 


.64106 


409 


« w§94 


50 


20 


.61991 


362 


.97479 


44 


.54^12 


406 


.454^ 


40 


30 


'l^U 


358 


,97455 


44 


.64915 


403 


.460$5 


30 


40 


856 


.97390 


45 


.66315 


400 


.44685 


20 


50 


;58e56 


351 


.97844 


46 


.55712 


897 


!44a$8 


10 


20 00 


9.63405 


349 


9.97399 


45 


9i5W0? 
.66498 


395 


l^gjg 


70 00 


10 


.63751 


346 


.9»852 


47 


391 


50 


20 


.54093 


342 


.9(7206 


46 


.66887 


389 


!4»U3 


40 


30 


.64432 


339 


.97159 


47 


.67274 


.387 




SO 


40 


.54769 


337 


.97111 


48 


.576^8 


384 


.48842 


20 


50 


.65102 


333 


.97063 


• 48 


.68039 


381 


.41961 


10 


21 00 


9.65433 


331 


9.97016 


48 


^5841$ 


879 


iAiim 


69 00 


10 


.55761 


328 


.96866 


49 


.56794 


876 


.41206 


50 


20 


.58086 


324 


.96917 


49 


.58168 


374 


.40632 


40 


30 


.66407 


322 


.9M68 


49 


.68640 


872 


.40460 


30 


40 


.58-727 


320 


.96818 


50 


.68809 


369 


.40091 


20 


50 


.57043 


316 


.96767 


51 


.60276 


367 


.38724 


10 




Cosine. 


DHL 


Sine. 


D». 


CQtang. 


Dm.^ 


Tiil«. 


Arc. 
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Tabl£ V< — Common lofforUhrm of circular funciwia^-Gantinued. 



Arc. 


fiine. 


Difl, 


Cosine. 


Difl. 


Tang. 


j>m. 


Cotang. 


- 


22 00 




314 


9.96717 


50 


9.60841 
.61004 


.365 


10.30359 


t 
68 00 


10 


•89869 


312 


.96665 


52 


363 


.38996 


50 


20 


•StBTS 


309 


.96614 


51 


.61364 


360 


.ag6 


40 


30 


.58284 


306 


.96561 


63 


.6 722 


358 


.38lr8 


30 


40 


.JS8588 


304 


.96500 


52 




357 


.37921 


20 


50 


.588S9 


m 


.96456 


53 


.S433 


354 


.37567 


10 


23 00 


9.50188 


299 


9.96403 


53 


9.63785 


352 


10.37215 


67 00 


10 


1^78 


296 


.96349 


54 


.63135 


350 


.36864 


50 


20 


294 


.96394 


55 


.^484 
.^0 


349 


.36516 
.»i70 


40 


30 


•60070 


292 


.96240 


54 


346 


30 


40 


.oam 


289 


•96185 


55 


.64175 


346 


.35825 


20 


60 


.60646 


287 


.96129 


56 


.64517 


342 


.35483 


10 


24 00 


9.60931 


285 


9k 96073 


56 


9.64858 


341 


ia3bl42 


66 00 


10 


.61214 


283 


.96016 


67 


.06197 


339 


.34803 


50 


20 


.63494 


280 


.95960 


56 


.65635 


338 


.34466 


40 


30 


.61773 


279 


.96902 


68 


.65870 


335 


.34130 


30 


40 


.62049 


276 


.95844 


58 


.66204 


334 


.33796 


20 


50 


.62323 


274 


.95786 


58 


.66637 


333 


.33463 


10 


25 00 


9.62S95 


272. 


9.95728 


58 


9.66867 
.67196 


330 


iad3133 


65 00 


10 


.63865 


270 


.95668 


60 


329 


.32804 


60 


20 


• 6^33 


268 


.95609 


59 


.67524 


328 


.32476 


40 


30 


•w§98 


265 


.95549 


60 


.67850 
.68174 


326 


.^50 


30 


40 


:^ 


. 264 


.95488 


61 


324 


.S1826 


20 


50 


262 


.95427 


61 


.68497 


323 


.31503 


10 


26 00 


9.64^84 


260 


9.95366 


60 


9.68818 


321 


I0.,^1182 


64 00 


10 


.Sm 


258 


.95304 


?i 


.69138 


320 


.'d0§62 


50 


20 


.6«98 


256 


.95242 


.68457 


319 


.30643 


40 


30 


.64053 


256 


.96179 


63 


.69774 


317 


.3^26 


30 


40 


.65205 


2o2 


.96116 


63 


.70089 


315 


.29911 


20 


50 


.65456 


261 


.96062 


64 


.70404 


315 


.29696 


10 


27 00 


9.65705 


249 


9.94988 


64 


9.70717 


313 


"".^ 


63 00 


10 


.65952^ 


247 


.94923 


65 


.71028 


311 


50 


20 


.66197 


245 


.94868 


65 


.71339 


311 


.28661 


40 


30 


.66441 


244 


.94793 


65 


.71648 


309 


.28352 


30 


40 


.66682 


241 


.94727 


66 


. 71955 


307 


.28044 


20 


50 


.66922 


240 


.94660 


67 


.72262 


. 307 


.27738 


.10 


23 00 


9.67161 


239 


9.94593 


67 


9.72567 


305 


•la 27433 


*^S! 


10 


.67398 


237 


.94528 


67 


.72872 


305 


.27128 


20 


.67633 


236 


.94458 


68 


.73175 


303 


.26825 


40 


30 


.67S66 


233 


.94390 


68 


.73470 


301 


.26^24 


30 


40 


.6SD98 


232 


.94321 


69 


.73777 


301 


.26223 


20 


60 


.68328 


230 


.94252 


69 


.74077 


300 


.26923 


10 


29 00 


9.68^7 


229 


9.94182 


70 


9.74376 
.7573 


298 


la 25625 


61 00 


10 


.6Sr84 


227 


.94112 


70 


298 


.26327 


50 


20 


.69010 


226 


.94041 


71 


.74969 


296 


.25031 


40 


30 


• 69^4 


224 


.93970 


71 


•76264 


295 


.24736 


30 


40 


•69456 


222 


.93898 


72 


.756.58 


294 


.24441 


20 


50 


.68$77 


221 


.93826 


72 


.75852 


294 


.24148 


10 


30 00 


9.661897 


220 


9.93753 


73 


9.76144 


292 


la 23856 


60 00 


10 


'tSsI 


218 


.93680 


73 


. 76436 


291 


.23565 


50 


20 


217 


.93606 


74 


.76725 


290 


• 23274 


40 


30 


170647 


215 


.93532 


74 


.77015 


290 


.22985 


30 


40 


.70761 


214 


.93467 


75 


.77303 


288 


.22897 


20 


50 


.70973 


212 


.93382 


75 


,77591 


268 


.22409 


10 




Cosine. 


Difl. 


Sine. 


Diff. 


Cotang. 


Difl. 


Taog. 


Arc. 
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Table V.^ — Commcm Zo^an^7nao/ctrm?ar/MTM!^Mm*--Contiiiued. 



Arc. 


Sine. 


Dili. 


Cosine. 


Diff. 


Tang. 


DllT. 


Cotang. 




/ 

31 00 


9.71184 


211 


9.93307 


75 


9.77877 


286 


10.22123 


59 00 


10 


.71393 


209 


.93230 


77 


.78163 


286 


.21837 


50 


20 


.71602 


209 


.93154 


76 


.78448 


285 


.21552 


40 


30 


.71808 


206 


.93077 


77 


.78732 


284 


.21268 


30 


40 


.72014 


206 


.92999 


78 


.79015 


283 


.20985 


20 


50 


.72218 


204 


.92921 


78 


.79297 


- 282 


.20703 


10 


32 00 


9.72421 


203 


9.92842 


79 


9.79579 


282 


10.20421 


58 00 


10 


.72622 


201 


.92763 


79 


.79860 


281 


.^140 


50 


20 


.72823 


201 


.92683 


80 


.80140 


280 


.19860 


40 


30 


.73022 


199 


.92603 


80 


.80419 


279 


.19581 


30 


40 


.73219 


197 


.92522 


81 


.80697 


278 


.19303 


20 


50 


.73416 


197 


.92441 


81 


.80975 


278 


.19025 


10 


33 00 


9.73611 


195 


9.92359 


82 


9.81252 


277 


lb. 18748 


57 00 


10 


.73805 


194 


.92277 


82 


.81528 


276 


.18472 


50 


20 


.73997 


192 


.92194 


83 


.81803 


275 


.18196 


40 


30 


.74189 


192 


.92111 


83 


.82078 


275 


.17922 


30 


40 


.74379 


190 


.92027 


84 


.82352 


274 


.17648 


20 


30 


.74668 


189 


.91942 


85 


.82626 


274 


.17374 


10 


34 00 


9.74756 


188 


9.91857 


85 


9.82899 


273 


10.17101 


56 00 


10 


.74943 


187 


.91772 


85 


.83171 


272 


.16829 


50 


20 


.75128 


185 


.91686 


86 


.83442 


271 


.16557 


40 


30 


.75313 


185 


.91599 


87 


.83713 


271 


.16287 


30 


40 


.75496 


183 


.91512 


87 


.83984 


271 


.16016 


20 


50 


.75678 


182 


.91425 


87 


.84253 


269 


. 15746 


10 ' 


35 00 


9.75859 


181 


9.91336 


89 


9.84523 


270 


10.15477 


55 00 


10 


.76039 


180 


.91248 


• 88 


.84791 


268 


.15209 


50 


20 


,76218 


179 


.91158 


90 


.85059 


268 


. 14941 


40 


30 


.76395 


177 


.91069 


89 


.85327 


268 


.14673 


30 


40 


.76572 


177 


.90978 


91 


.855"4 


267 


.14406 


20 


60 


.76747 


175 


.90887 


»1 


.86860 


266 


.14140 


10 


36 00 


9. 76922 


175 


9.90796 


91 


9.86126 


266 


la 13874 


54 00 


10 


.77095 


173 


.90704 


92 


.86391 


265 


.13608 


50 


20 


.77267 


172 


.90611 


93 


.86656 


265 


.13344 


40 


30 


.77439 


172 


.90518 


93 


.86921 


265 


. 13079 


30 


40 


.77609 


170 


.90424 


94 


.87185 


264 


.12815 


20 


50 


.77778 


169" 


.90330 


94 


.87448 


263 


.12552 


10 


37 00 


9.77946 


168 


9.90235 


95 


9.87711 


263 


10.12989 
.12026 


53 00 


10 


.78113 


167 


.90139 


96 


.87974 


283 


50 


20 


.78280 


167 


.90043 


96 


.88236 


262 


.11764 


40 


30 


.78445 


165 


.89947 


96 


.88498 


262 


.11502 


30 


40 


.78609 


164 


.89849 


98 


.88759 


261 


.11241 


20 


50 


.787/2 


163 


.89752 


97 


.89020 


261 


.10980 


10 


38 00 


9.78934 


162 


9.89653 


99 


9.89281 


261 


10.10719 


52 DO 


10 


.79095 


161 


.89554 


99 


.89541 


260 


.10459 


50 


20 


,79256 


161 


.89455 


99 


.89801 


260 


.10199 


40 


30 


.79415 


159 


.89354 


101 


.90060 


259 


.09999 


30 


40 


.79573 


158 


.89254 


100 


.90320 
.9^78 


260 


.09680 


20 


50 


.79731 


158 


.89152 


102 


258 


.0M21 


10 


39 00 


9.79887 


156 


9.89050 


102 


9.90837 


259 


10.09163 


51 00 


10 


.80043 


156 


.88948 


102 


.91095 


258 


.08905 


60 


20 


.80197 


154 


.88844 


104 


.91353 


258 


.08647 


40 


30 


.80351 


154 


.88741 


103 


.91610 


257 


.08390 


30 


40 


.80504 


153 


.88636 


105 


.91868 


258 


.08132 


20 


50 


.80656 


152 


.88531 


105 


.92125 


257 


.07875 


10 




Cosine. 


Difl. 


Sine. 


Diff. 


Cotang. 


Dtff. 


Tang. 


Are. 
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Tab&b y^^Oammon togarkknu o/cvculitf /ti9U)«idn9--Ooiitiii6ed. 



•Arc. 


Bine. 


DtfL 


Cosine. 


Dwr. 


TaAg. 


" I>lfl. 

• 


Cbtang. 




40 00 


0.80807 


151 


9.88425 


106 


^•9^ 


2f6 




e •/ 

50 00 


10 


.80057 


150 


.88319 


106 


.^S^ 


257 


50 


ao 


.81108 


149 


.88213 


107 


J02894 


256 


iOTlOB 


40 


^ 


:^ 


148 
148 


.88106 
.87996 


107 
109 


:S^ 


iS 


.06860 
.06594 


30 
20 


50 


.81548 


146 


.87887 


109 


.93661 


256. 


.06339 


10 


41 oe 


0. 81884 


146 


9.87778 


109 


9.9tol6 


255 


10.06084 


49 00 


10 


.81839 


145 


.87668 


110 


.94171 


255 


.05829 


50 . 


20 


.81883 


144 


.87567 


111 


.94426 


255 


.05574 


40 


ao 


.82126 


148 


.87446 


111 


:^ 


265 


.06319 


80 


40 


.82200 


143 


.87333 


113 


254 


.06065 


20 


60 


.82410 


141 


.87221 


112 


.05190 


255 


.04810 


10 


42 00 


0.82551 


141 


9.87107 


114 


•:SJU 


254 


10.04556 


48 00 


10 


.82001 


140 


.86998 


114 


264 


.01302 


50 


20 


.82830 


139 


.86878 


115 


.05952 


254 


.04048 


40 


ao 


^82968 


138 


.86763 


115 


.96205 


253 


.03795 


30 


40 


.83106 


138 


.86647 


116 


.96459 


254 


.03541 


20 


so 


.83242 


136 


.86530 


117 


.96712 


253 


.03288 


10 


48 00 


9.83378 


•136 


9.86413 


117 


9.96966 


254 


10.03034 


47 00 


10 


.83513 


135 


.86295 


118 


.97219 


258 


.02781 


50 


20 


.83048 


135 


.86176 


119 


.97472 


253 


.02528 


40 


80 


.83781 


133 


.86066 


120 


.97725 


258 


.02275 


30 


40 


.83914 


133 


.85036 


120 


.97978 


258 


.02022 


20 


60 


.84046 


132 


.85815 


121 


.98231 


253 


.01769 


10 


44 00 


9.84177 


131 


8SMS 
'.85571 


122 


9.98484 


253 


10.01516 


46 00 


10 


.84306 


131 


122 


.98736 


252 


.01263 


50 


20 


.84437 


129 


.85448 


123 


,98989 


253 


.01011 


40 


30 


.84560 


129 


.85324 


124 


.99242 


263 


.00758 


30 


40 


.84694 


128 


.85200 


124 


.99495 


253 


.00505 


20 


60 


.84822 


128 


.85074 


126 


.99747 


^ 


.00258 


10 


45 00 


9.81048 


126 


9.84948 


126 


10.00000 


253 


lO 00000 


46 00 




Cosliie. 


Dili. 


Sine. 


Difl. 


Cotang. 


Dili. 


Tang. 


Arc 



212. Tbe slide rule 13 a contriyance for using logs, mechanically. 
It consists; figure 47, of a rule, in the middle of which is a slide. 
The edges of the groove and the edges of the slide are graduated, 
formii^ four scales called A, B, C, and D. An indicator, which cant 
be set at any point, guides the eye in selecting opposite numbers^ 
The; £dide rule deals with mantissas only. Chjaxacteristics must be 
obtained by inspection. 

To multiply. — Move the slide to the right until 1 on scale B is 
opposite the smaller of the two numbers on A; the number on A 
opposite the larger of the two numbers on B is the product. 

To divide. — ^Move the slide to the left until the divisor on B is 
under 1 on A. The number on A opposite the dividend on B is 
the quotient desired. To multiply and divide simultaneously, or to 
soivie a proportion, set the divisor on B opposite one of the other 
numbers on A. The number on A opposite the third number on B 
is the result desired. 

To iflnd the square of a number. — ^Take the number on A opposite 
the given number on D. 

To And the square root. — ^Take the number on D opposite the 
given number on A. In taking square roots use only the left lialf 
6t A, for an odd number of figures; in front of the decimal point, 
and the rigbi Jialf only for even huii^bejr, • 

99^6**— 17 9. ' ' ' ' 
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To find A onbe^-^^^Set 1 oa B apposiie the ^tnen numbi^r on D. 
The number on A opposite the given number on^ is the cube, desired. 

To And a cube f oot.— rTake the rwt approxlmateiy by infection. 
Set this number on B opposite the given number on A. Note.whether 
1 on C is opposite the approximate root on D. If so, the approxi- 
mate root is the correct oile^ if not, move the islide slightly one way 
or the other until the number on B opposite the given number, and 
the number on, D opposite the one on C are the same. This number 
is the desired cube root. 

Occagional users of the slide rule will do well to adhere to the 
simple operations above described. Regular users wiU study the 
theory and scope of the rule from one of the several treatises on the 
subject. 



Table VI.- 



-Tahle of sqiiar£8, cubes:, square roots, cmd cube roots of members from 1 
to 1,000. 



No. . Square. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21...*... 

22L 

28 

2A...»... 

25 

2& .- 



i: 



84.. 
85.. 

as.. 

37,. 



f.: 



29 
30. 



41. 

*i\ 

44 

45 

4d... ....... 

47 

48 

49,... --,.-. 

50, 

61.. ...... I. 



58. 
64. 
65. 
66.. 



1 

4 

9 

16 

25 

36 

49 

64 

81 

100 

121 

144 

169 

196 

225 

256 

289 

324 

361 

400 

441 

4§i 



676 
729 
784 
841 
900 
961 

m 

1154 
1225 
tS96 
1369 
1444 

im 

1600 
1681 

18^ 
1936 
2025 
' 2116 
2209 
2304 
2401 
2$05 
2B#1 



2916 
3025 
3136 



Cube. 



27 

64 

125 

216 

343 

512 

729 

1000 

1331 

1728 

2197 

2744 

8375 

4096 

4913 

5832 

6859 

8P00 

9261 

& 

18824 

15625 
17576 
19683 
21952 
24389 
27000 
29791 
82768 
35937 



SqilOTQ 

root. 



46656 

506J 

548: 



68921 

85184 
91125 



103823 
110592 
;11 

182651 

W7 
157464 
166375 
175616 



1. 

1.4142 

1.7321 

2.0000 

2.2301 

2.4495 

2.6458 

2.8284 

3.0000 

3.1628 

3.3166 

3.4641 

3.6056 

3.7417 

3.8730 

4. 

4.1231 

4.2428 

4.8689 

4.4721 

4.6620 

4*6904 

4.7958 

4.8990 

5. 

6.09ia 

5^962 

5.2915 

5.3852 

6.4772 

5.6678 

5.6569 

5.7448 

5.8310 

5.9161 

6. 

6.0828 

6.1^44 

6.24^ 

6.3246 

6.4081 

6.4807 

6.5674 

6.6332 

6.7082 

6.7823 

6.8657 

6.9282 

7.0711 

r.ui4 

7.2111 

T.Siw 

7.3485 
7.4162 
7.4833 



Cube 
root. 



1. 

1.2509 

1.4422 

1.5874 

1.7100 

1.8171 

1.9129 

2.0000 

2.0801 

2.1544 

2.2240 

2.2894 

2.3513 

2.4101 

2.4662 

2.5198 

2.5713 

2.6207 

2.6684 

2. 7144 

2.7589 

2.8020 

2.8439 

2.8846 

2.9240 

2.9625 

3.0000. 

3.0366 

3.0723 

3.1072 

3.1414 

3.174a 

3.2075 

3.2886 

3.2711 

3.3019 

3.3322 

3.3620 



3.4488 

V^ 

3.5303 
3.5560 
8.68§0 
3.6088 
3.6342 



3. 
&70» 

3.779i 
3.8259 



No. 



Rq^iiarft. 



100 

101 

IOC. :.-.j::l 
103 

104 



107;. 



112. 



3249 
3364 
3481 
3600 
3721 
3844 
3969 
4096 
4225 
43.56 
4489 
4624 
4761 
4900 
6041 
5184 
5329 
5476 

^^ 
5776 
5929 
6084 
6M1 
6400 
6561 
8724 



7225 

7396 

7569 

. 7744 

7921 

8100 

8281 

8«4 

8649 

8838 

* 9025 

9216 

9109 

9604 

9601 

10000 

10201 

I0i04^ 



16 
n449. 



1210#. 
12321 
12644 



Cube. 



250047 
2(^144 
274625 
287496 
300763 
314432 
328509 
343000 
367911 
373248 
389017 
405224 
421875 
43^76 
466638: 
474552 
493039 
512000 
531441 
661368 
571787 
592704 
614125 
636056 
658509 
681472 
704909 



^4^ 
9126173 

941192 
970299 

iOTd»n 

1661988 

1092727 
11248^ 
11^7626 
If910l6 
1225043* 

m 

1331009 
1307631 
1404928 



Square 
TOOL 



0.0499 



O^POaJUBHY, MAP BJBAmNOy AM) ItBOO^NAIf58AK^4 13 J| 

Tab^jM' yi.--^TMi i^it9V<ir«/r,j0it^) aguor^ rcK>(8, ar^ c?Jihe rooU c(f numbers Jvom X tof 

i,(WGM5o«tiiitted.. 



If p. •■' 


Sqaare. 


f^be. 


root. 


root. 


Ni). 


Squaw. 


Cflbe, 


SquBPC 
root. 


Cuba 
t™t. 


118,: 


12760 • 
12996 
13225 
13456 
13680 
13924 
14161 
14400 
14641 
14884 
15129 
15376 
15625 
15876 
16129 
163$4 
16641 
16900 
17161 
174^ 
17689 
17066 
18225 
18496 
18769 
19044 
19321 
19600 
19881 
201I&4 
80440 
80736 
81025 
81316 
21609 
81904 
222D1 
22500 
22801 
83104 
23400 
83716 
84086 

24Q49 
24954 
25281 
25600 
25S21 
26344 
26560 
26896 
27225 
•27556 
27889 
28224 
26561 
•28900 
29241 
29564 
29920 
80276 
80625 
80976 
81329 
31664 
02041 
^2400 
827^ 
83124 
83489 
83856 
34225 
34596 
84960 
35344 
35721 


14CI807 
1481544 
1580675 
1560696 
1601613 
1643032 
1685159 
192800Q 
1771561 
1816846 
I8I0667 
lOM^ 
1058125 
8000376 
8048383 
2007152 
2146689 
2197000 
2348091 
8299968 
2852687 
3406104 
3460375 
8816456 
2571353 
3628072 
2685619 
8744000 
8803221 
2868288 
3084207 
8965964 
8048625 
8112136 
3176523 
8841702 
8307949 
.3375000 
8442961 
3511808 
3561577 
3052264 
3728875 
3796416 
3860893 
3944312 
4019^9 
4096000 
4173281 
4251528 
4330747 
4410944 
4492125 
4574296 
4657463 
4741632 
4826809 
4918000 
5000211 
5086448 
5177717 
5268024 
5350375 
5451776 
5545233 

SS 

58»aooo 

5029741 

6751209 
0967871 


m6301 
ia6771 
10.7238 

li 
IE 

u. 

U.0454 

11.0905 

11.1355 

U.1803 

11.2250 

11.2604 

n.8137 

U.8578 

11.4016 

11.4455 

11.4891 

11.6326 

11.5758 

11.6190 

11.6610 

11.7047 

11.7473 

11.7898 

11.6322 

11.6743 

11.9164 

11.0583 

12. 

18.0416 

18.0830 

12.1244 

12.1655 

12.2066 

12.2474 

12.2882 

12.3288 

12.3693 

12.4097 

12.4499 

12.4900 

12.5300 

12.5698 

12.6095 

12.6491 

12.6886 

12. 7279 

12. 7671 

12.8062 

12.8452 

12.8841 

13.9228 

12.9615 

13. 

18.0384. 

13.0767 

13.1140 

13.1529 

13.1909 

13.2288 

13.2665 

13.3041 

13.31417 

Id. 3791 

13.4164. 

£3.4536 

^.4907 

13.5277 

13.5647 

13.6015 

13.6882 

f 3. 6748 

13.7113 

13,7477 

<3.7840 

13.8008 


4.834« 

4.848$ 

tm 

4.0507 
4.97S8 
4.9106 

5.0138 
5.0065 
6.0397 
6. 0526 
.6..Q658 
6.0768 
5.0916 
6.1045 
5.1173 
6.1299 
5.1426 
5.1551 
5.1076 
5.1801 
6.1925 
6.2048 
6.)?171 
6.2298 
6.im5 
5.;J536 
6.J2656 
6.2776 
5.2896 
5.3015 
5.3133 
6.3251 
6.3366 
6.3485 
5.3601 
6.3717 
6.3832 
6.3947 
6.4061 
6.4175 
6.4286 
6.4401 
5.4514 
5.4626 
5.4737 
5.4848 
5.4969 
5.5060 
5.5178 
5.5386 
5.5307 
6.5506 
5.5618 
&572I 
&5828 
5.5084 
5.6041 
5.6147 
5.6868 
5.6357 

■ 5.6468 
5.6S67 
6.6671 
6.6774 
6.6877 
5.6080 
^7088 
5.7986 
5.7«7 

^.7386 
5.7469 
6.-^^ 


108...U 

M3-. .»....;. . 

m.-.t 

105... w ... 


86864 
87249 
87686 
88025 
88416 
86800 
39204 
89601 
40O0O 
40401 
40804 
41200 
41616 
42025 
42486 
42840 
43264 
43681 
44100 
44521 
44044 
45360 
45796 
46223 

. 46656 
47069 
47524 
47961 
46400 
46841 
40264 
40729 
50176 
50625 
51076 
61529 
51964 
62441 
52900 
53361 
53624 
54269 

-54756 
55225 
55696 
56169 
56644 
57121 
57600 
58081 
68.%4 
59049 
69^ 
60025 
60516 
61000 
61504 
62001 
62500 
63001 
63504 
64009 
64516 
65025 
65536 
66040 
66564 
67081 
67600 
68121 
68644 
69160 
60606 
70226 
7075^ 
71280 
71834 
72361 
72900 


7077888 
7100057 
78^884 
7414675 
7620536 
7645873 
7708393 
788Q59» 
8000000 
8180601 
8848408 
8865427 
8488664 
6615125 
8741816 
8860743 

0393931 
9528128 
9668597 
0800344 
0988375 
10077696 
10816313 
10360232 
10508450 
10648000 
10798661 
10941046 
11089567 
11239424 
11800625 
11548176 
11607083 
11852352 
12008969 
13167000 
12326391 
1846n66 
12640337 
18813904 
12977875 
13144256 
13312053 
13481272 
18051910 
13624000 
13997521 
14172468 
14348907 
14536764 
11706125 
1488B036 
15960228 
15868092 
15438249 
15635000 
15813251 
16008008 
161«277 
16387064 
16561375 

10974598 
17173512 
17873979 
17576000 
17779581 
17984726 
18191447 
18399744 
18600635 
18831096 
10034163 
10348838 
10465100 
10683000 


18.8564 

13.8934 

13.9284 

13.9642 

14. 

14.0357 

14.0712 

14.1067 

14.1421 

14.1774 

14.2127 

14.2476 

14.2820 

14.3176 

14.3527 

14.3675 

H.4222 

H.4568 

H.4914 

14.5256 

H.5602. 

14.5945 

14.6267 

14.6629 

H.6060 

H.7309 

14.7648 

14.7966 

H.8324 

14.8661 

14.8097 

14.9332 

14.9666 

15. 

15.0333 

15.0665 

15.0997 

15.1327 

15.1658 

15.1987 

15.2315 

15.2643 

15.2971 

15.3297 

15.3623 

15.3946 

15.4272 

15.4506 

16.4919 

15.5242 

16.5563 

16.5885 

15.6205 

15.6525 

15.6844- 

15.7162 

15.7480 

15. 7797 

15.8114 

15.8430 

15.8745 

15.9060 

15.0374 

15.0687. 

16 

16.0312 

16.0634 

16.0935. 

16.1345 

16.1555 

16.1864 

16.3173 

lfi.2481 

16.2788 

16.3005 

16.3401 

16.3707. 

16.4013 

10.4817 


6.769ft 
6.7790 
5.7800 
5.7989. 
5.8068. 
5.8180. 
5.8285 
5.8388 
5.8400 
6.8570 
5.6675 
6.877* 
6.6880 
6.8864 
6.006t 
6.9180 
6.92S0 
5.9346. 
5. 9480^ 
5.9533 
6 9687 


114 


115 


116 


117. 


190...I. 

107..,^.,.... 

!».... I 

100. 

2Q0,.Ak 

201........... 

208. 


118 


119 


130 


131... 


132. , 


183-.: 


184 


aoff^.^ 


1» 


304 


las 


305. * ....'.. 


187 


306 


188 


307.. .• .- 

808...'..,.... 
SOO- 


139 , 


130 


181 


210. ' 


182..: 


311.......... 

218.. ...t.-.. 

313 . 


138. 


134. 


5 9721 


135 


8M.-W 

315,, 


5.9814 
5.9907 


136 


137 


8104 


5 


138 


817... 

818 • 


6.0093 


139..: 


6.0185 


140,- 


810 


6.0277 


141 


880 , .. .. 


6. 0368 


142... 


231 ' 


6 0450 


143: 


g::/.:::::: 

8M .■ 


6.0560 


144.W 


6.0641 
6.0733 


145 


140 


285 • ..... 


6.0823 


147 


820... 

227 .. 


6.0918 


148.. i 


6.1003 


149 


828 • ... .. 


6.1001 


155 


829 4. . 


6. 1180 


Kl 


880 


6.1369 


158 


831..: 


6.1358 


158 


833 . 


6.1446 


154 


833 


6.1534 


155 


884 

885 


6.1622 


U6 


6.1710 


157 


386.......... 


6.1797 


158 


837 


6.1885 


150 


838 


6.1973 


160 


839...- 


6.2098 


M ... ... 


840 .: 


6.2145 


M3 


841 


6.2281> 


168.: 


848..: 


6.2317 


m.: :.: 


843. 


6.2403 


165 


344 


6.2488 


166.. 


845-.: 


6.2573. 


1*7. . . 


846 


6.265S 


166 


847..; 


. 6.2743 


169.., 


848..:.. 

849 


6.2828 


170: 


6.2913 


171 


860..; 


6.2990 


178 


861 


6.3060 


mi::::::::: 


258 


6.3164 


174 


858..: 


6.3247 


iw:::::::::: 


354 


.6.3?30 


176: 


865..: 


6.3413 


t77 


866. 


6.3496 


m.x:::: :: 


867..:....... 


6.3079 


V9' ' 


356 


6.3661 


WO". ... 


^::i::::::: 


6.3743 


^::::::::: 


g^ 


6.3886 


861 


6.3907 


m 


^68 


6.3968 


184,: 


^ 


6.4070 


186.. 


264.. 


6.4151 


s 


865 


6.4888 


S?::.:::::::: 


860 .•: 


6.4818 


367 


6.4896 


s2' ' 


268 


6.4478 


iw, Y . 


860 


6.4568 


In' 1""1'[\ 


iw,:,.;,.,.. 


6.4688 
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Table VI. — Table ofsquarai, cubes, square roots, and tube roois erf numbers fiwn 1 U> 

i,ax?— Oontinued. 



No, 


Square. 


Cube. 


BquaPB 
foot. 


Cube 
rool. 


Nd. 


giioare. 


Cube. 


root. 


Cubt 

TOOL 


2W... 


93441 
73984 
74529 
75076 
75625 
76176 
78729 
77284 
77841 
78400 
78961 
79624 
80089 
80656 
81225 
81796 
82369 
82944 
83521 
84100 
84681 
85264 
85849 
86436 
87025 
87616 
88209 
88804 
89401 
90000 
90601 
91204 
91809 
92416 
93025 
93636 
94249 
94864 
95481 
96100 
96721 
97344 
97969 
98596 

99866 
100489 
101124 
101761 
102400 
103041 
103684 
104329 
104976 
105625 
106276 
106929 
107584 
108241 
108900 
109561 
110224 
110889 
111556 
112225 
112896 
113569 
114244 
114921 
115600 
U6281 
116964 
U7649 
118336 
U9025 
U9716 
120409 
121104 
121801 


I96Q2511 
80123648 
20846417 
2057D624 
20796875 
216S4570 
21253933 
21484952 
21717639 
21052000 
22188041 
22425768 
22665187 
22906304 
23148125 
23393650 
23639903 

24187560 
24389000 
24642171 
24897088 
25163757 
25412184 
25673375 
25084336 
26198073 
26463592 
26736699 
27000000 
27270901 
27643608 
27818127 
28094464 
28372625 
28652616 
28034443 
29218112 
29503629 
29791000 
30080231 
30371328 
30664297 
30959144 
31255875 
31554496 
31855013 
32157432 
32461^9 
82768000 
33076161 
33386248 
33608267 
34012224 
34328125 
34645976 
34965783 
35287552 
35611289 
35937000 
36264691 
36594368 
36926037 
37259704 
37595375 
37933056 
38272753 
38614472 
38958219 
38304000 
39651821 
40001688 
40353607 
40707584 
41063625 
41421736 
41781923 
42144192 
42606548 


16.4621 
16.4924 
16.5227 
16.5529 
16.5831 
16.6132 
16.6433 
16.6733 
16.7033 
16.7332 
16.7631 
16.7929 
16.8226 
16.8523 
16.8819 
16.9115 
16.9411 
16.9706 
17 

17.0294 
17.0587 
17.0880 
17.1172 
17.1464 
17.1756 
17.2047 
17.2337 
17.2627 
17.2916 
17.3205 
17.3494 
17.3781 
17.4069 
17.4356 
17.4642 
17.4929 
17.52U 
17.5499 
17.5784 
17.6068 
17.6352 
17.6635 
17.6918 
17.7200 
17.7482 
17.7764 
17.8045 
17.8326 
17.8606 
17.8885 
17.0165 
17.9444 
17.9722 
18. 

18.0278 
18.0555 
18.0831 
18. 1108 
18.1384 
18.1659 
18.1934 
18.2209 
18.2483 
18.2757 
18.3030 
18.3303 
18.3576 
18.3848 
18.4120 
18.4391 
18.4662 
18.4932 
18:5203 
18.5472 
18.5742 
18.6011 
18.6279 
18.6548 
I 18.6815 


6.4713 
6w47«2 
6.4872 
6.4951 
6.509a 
&5108 
6.5187 
6.5365 
6.5348 
6.5421 
6.5499 
6.5577 
6.5654 
6.5781 
6.5808 
6.5885 
6.5968 
6.6089 
6.6115 
6.6191 
6.6267 
6.6343 
6.64119 
6.64»4 
6.6509 
6.6644 
6.6719 
6.6794 
6.6860 
6.6043 
6.7018 
6.7092 
6.7166 
6.7340 
6.7313 
6.7387 
6.7466 
6.7533 
6.7606 
6.7679 
6. 7752 
6.7834 
6.7897 
6.7969 
6.8041 
6.8113 
6.818S 
6.8856 
6.8328 
6.8399 
6.8470 
6.8541 
6.8612 
6.8688 
6.8758 
6.8824 
6.8804 
6.8964 
6.9034 
6.9104 
6.W74 
6.9244 
6.9818 
6.9388 
6.9451 
6.9531 

6! 9864 

6.993^ 

7. 

7.0068 

7.0136 

7.0203 

7.0271 

7.0338 

7.0406 


360 


182500 
133201 
123904 
124609 
135316 
136025 
136736 
137449 
138164 
138881 
139600 
130321 
131044 
131769 
133496 
133225 
133956 
134689 
135424 
186161 
186900 
137641 
138384 
139129 
139876 
140625 
141376 
142139 
143884 
143641 
144400 
145161 
145924 
146689 
147456 
148225 
148896 
149769 
150544 
151321 
153100 
153881 
153664 
154449 
155236 
156025 
156816 
157609 
158404 
159201 
160000 
160601 
161604 
162409 
163216 
164025 
164836 

166464 
167281 
168100 
168921 
169744 
170560 
171396 
172235 
173056 
173889 
174724 
175561 
17640a 
i772a 
178084 
178929 
179776 
180625 
181476 
182329 
183184 


43875000 

43M3551 
43614208 
480BB977 
44861864 
44788875 
45118016 
45499293 
48882712 
46268279 
46856000 
47D45881 
47437928 
47832147 
48288541 
48087125 
49027896 
49480863 
49686062 
50343409 
50683000 
51064811 
51478848 
51895117 
52813624 
58784375 
53187376 
58582633 


18.7083 

18.7380 

18.7617 

18.7883 

18.8149 

1&8414 

18.8680 

18.8944 

18.9209 

18.9473 

18.9737 

19. 

19.0263 

19.0526 

19.0788 

19.1050 

19.1311 

19.1572 

19.1833 

19.2094 

19.2354 

19.2614 

19.2873 

19.3132 

19.3391 

19.3649 

19.3907 

19.4165 

19.4422 

19.4679 

19.4836 

19.5192 

19.5448 

19.5704 

19.6959 

19.6214 

19.6469 

19.6723 

19.6977 

19.7231 

19.7484 

19.7737 

19.7990 

19.8242 

19.8494 

19.8746 

19.8997 

19.9750 

|o:0260 
20.0499 
20.0740 
20.0098 
20.1246 
20.1494 
20.1742 
20.1990 
20.2237 
20.2485 
20.2731 

20.3224 

20.3715 
20.3961 
20.4206 

20.6^ 
20.6398 
20.6640 


7.0478 


272 


361 


7.0540 


278 


362 


7«0007 


274. 


353 . . 


7.0674 


275 


354..: 


7.0740 


276. 


350 . . 


7.0887 


277... 


35e 


7.0878 


278 


367 


7.0M0 


279 


358 


7.1006 


280 


389 V ..r 


7.1072 


281 


380... 


7.1138 


282 


361 ' 


7.1204 


283 


362 


7.1309 


284 


^.. ........ 


7 1^9^ 


265 


364 


7.1400 


286 


366 .. . . 


7.J.4Q5 


287. 


366 


7.1S11 


288 


367 . ... 


7.1880 


289 


363 


7.1861 


280 


300 ...» '.. 


7.1120 


291 


370 


7.1991 


292 


371 .... . 


7.1860 


293 


372 


7.1930 


294 


373.. 


7.1988 


295 


374 


7.2018 


296 


375 


7.2112 


297 


376 


7,2127 


298. 


377 


7.^810 

7-«)04 


299 


378..: 


54010152 
54489939 
54872006 
55806341 

55712968 
56181887 
56683104 
57066625 
59512456 
57960603 
58411072 
58863869 
59819000 
50776471 
60886288 
60098457 
61162984 
61689875 
68099136 
62570778 
63044792 
636S1199 
84000000 
64481201 
64064808 
65450627 
65080264 
66480125 
60933416 
67419143 
67917312 
68417929 
68921000 
60426531 
09984528 
90444997 
90057944 
71473875 

726im8 
73084638 
78660059 
74988000 


300 


3f79 




301 


380 


7 2tt2 


302 


381 


7,2196 


303 


888 . 


7,2I8« 


304... 


383 


306 


384. . 


7. MM 


306 


365 


fimS 


307 


886 


7«2ttl 


306 


387 


7.2874 


309.......... 


388 . 




310 


389. ; 


•7 *SSL 


311... 


890 » 


7:ISi 


312 


391 


313 


393 .. 


314 


393 


7^ 


316 


394 


318,. 


396...- 


7'^ 


317...-. 


396 


318... 


897; . 


7W8 


319 :... 


398.. w 


320 


399. -. .. 


7 MM 


321 


400.. w 

401. 


7 MKf 


322 


7'lkSn 


323 


408 


T^oMtt 


334 


403 


7 MM 


325 


404 ... 


9 ^hae 


336 


405 


•r ^^S 


327 


406. .. 


7 2&7 


328 


407 


7 2Gm 


SM 


406 . 


7 4wt^ 


380 


400 


9 jSZ 


331 .... 

332 


410.......... 

411 


7S 


833..; 


413 


7 44ra 


834 


413 


7 ISn 


335 


414 


7' 2^0 


836..* 


416. y . 


7 uBL 


337 


416..' . 


9 IBS 


338 


417. 


M ss 


389 w... 


418 


7 Sn 


340.. * 


410* ... .-.. 


*r mS 


841..J 


430 


*r ^^S 


842 


481* 


7 ^Ek 


343... 


422..... 


V 35* 


844 


423 


T R&T 


345..^ 


424 


T 3m 


846 


425.. 


7 n5 


847. 


426 


- vmIS 


848 .- 

84»..a......* 


427 

428.......... 


7:8 
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Table VI.— 2b5fe qf$quare»t cttbeSt 9qvme>too$M^ avdcube roqts of numbers from 1 to 

1 ^OOt^ttOontiimed : 



No. 


Squ^e, 


Catte. 


root. 


Cube 
root. 


No. 


Squura^ 


Cab». 


Square 
root. 


Cabe 
root. 


129.. 


184041 
184000 
185761 
186624 
187488 
188356 
189825 
100096 
100969 
101844 
102721 
103600 
194481 
105364 
106249 
107136 
108025 
108916 

lOoaoo 

200704 
201001 
202500 
203401 
204304 
805209 
806116 
807025 
807936 
808849 
809764 
210681 
811600 
812521 
213444 
814369 
815296 
216225 
217156 
218080 
219024 
219961 
220900 
221841 
222784 
223720 
224676 
825625 
226576 
227520 
228484 
229441 
230400 
231361 
232324 
233280 
234256 
235225 
236196 
237160 
238144 
239121 
240100 
241081 
242064 
243049 
244036 
245026 
246016 
247000 
248004 
249001 
250000 
251001 
252004 
253009 
254016 
255025 
256036 
257049 
258064 


78063689 

70607000 
80088991 
80681568 
8U88737 
«746fl04 
82818876 
88881856 
88453463 
84027672 
84604$19 
85184000 
85786121 
86950688 


30.7123 
80.7364 
20.7606 
30.7846 
30.8087 
20.8327 
30.8567 
80.8806 
20.0046 
30.0284 
30.9523 
20.9762 

81.0238 
81.0476 
21.0713 
:a.0950 
81.1187 
81.1424 
21.1660 
81.1896 
81.2132 
21.3368 
81.2603 
31.3838 
31.3073 
31.3307 
31.3543 
81.3776 
31.4009 
31.4243 
31.4476 
21.4709 
21.4942 
31.5174 
21.5407 
21.5639 
31.5870 
31.6102 
21.6333 
21.6564 
21.6795 
21.7025 
21.7256 
21.7486 
21.7715 
31.7945 
31.8174 
31.8403 
31.8632 
21.8861 
21.9089 
21.9317 
21.9545 
21.9773 
22. 
. 220227 
22.0454 
22.0681 
22.0907 
22.1133 
32.1350 
32.1585 
22.1811 
32.2036 
22.2261 
22.2486 
32.2711 
32.2935 
22.3159 
32.3383 
32.3607. 
22.3830 
32.4054 
22.4277. 
22.4499 
22.4722 
22.4944 
22.5167 
22.5389 


7.6480 
7.5I78 
7.6G87 
7.5506 
7.6654 
7.5718 
7.577» 

• 7.5838 
7.688» 
7.5M4 
7.6001 
7.6058 
7.6117 
7.6174 
7.6338 
7.6880 
7.6348 
7.64e» 
7.6460 
7.6517 
7.6574 

.7.6631> 
7.6688 
7.6744 
7.6801 

.7.6857 
7.60£4 
7.681^ 
7.7086 
7.7088 
7.7m 
7.7184 
7.7250 
7.7306 
7.7302 
7.7418 
7.7473 
7.7529 
7.7584 
7.7689 
7.7685 
7.7750 
7.7805 

.7.7860 
7.7915 
7:7970 
7.8025 
7.8079 
7.8134 
7.8188 
7.8243 
7.8297 
7.8SS2 
7.8406 
7.8400 
7.8614 
7.8668 
7.8682 
7.8676 
7.8730 
7.8784 
7.88S7 
7.8891 
7.8844 
7.8998 
7.9061 
7.9105 
7.9158 
7.9811 
7.9264 
7.9817 
7.9820 
7.9483 
7.9476 
.7.9528 
.7.9581 
7.9634 
7.9686 
7.9789 
7.9791 


888.......... 

508^..: 


816744 

869061 
860100 
861121 
862144 
363168 
864106 
865226 
866256 
.867280 
868324 
869361 
870400 
871441 
872484 
873529 
874576 
875626 
276676 
877729 
278784 
27984t 
880900 
88196r 
883024 
284089 
2851)56 
286226 
887296 
288369 
889444 
290521 
291600 
892681 
893764 
294849 
395036 
397Q25 
298116 
299209 
800304 
301401 
302500 
303601 
304704 
305809 
306916 
308026 
309136 
310240 
311364 
312481 
313000 
314721 
315844 
316969 
318096 
319226 
32035& 
^1480 
322624 
383761 
384900 
386041 
327184 
328320 
329476 
330626 
331776 
332929 
884084 
335241 
336400 
337561 
338724: 
339880' 
341056 
342226 
343396 
344569 


308397472 
181878229 
138651000 
183432831 

185005697 
S3S7Bfi3!44 
136500675 
187388096 
138188418 
138801838 
139798350 
140608000 
141480761 
143386646 
143055667 
148877824 
144703126 
145831576. 
146363183 
147197958 
146085680 
148877000 
149m291 
1S0S68768 
151^10437 
158273304 
1.SS130376 
159990656 
164854153 
1657301978 
156500618 
157464000 
158840421 
150230088 
160103007 
160989184 
161878625 
162771336 
163667323 
164506592 
165469140 
166375000 
167284151 
168106606 
169il3377 
190081464 
170953875 
171879616 
172808693 
173741112 
174676870 
175616000 
176858481 
177604328 
178458647 
179406144 
180862125 
181321406 
182884263 
183250432 
184230009 
185193000 
186169411 
187149248 
188132517 
18»lt«l24 
190109375 
10n0397O 
182100033 
mi00552 
194104530 
196112000 
196182941 
197137368 
198165887 
199176704 
200201625 
201280056 
202262003 


34.2487 

32.5610 

82.5832 

32.6058 

32.6274 

22.6495 

32.6716 

32.6936 

22.7156 

32.7376 

22.7596 

32.7816 

32.8035 

82.8254 

82.8473 

32.8692 

82.8910 

82.9129 

22,9347 

32.9565 

32.9783 

33. 

33.0217 

38.0434 

33.0651 

33.0868 

. 33.1084 
33.1301 
33.1517 
33.1733 
3S1.1948 
33.2164 
33.2379 
33.2594 
33.2809 
33.3024 
23.3238 
23.3458 
23.3666 
23.3880 
23.4094 
23.4307 
23.4521 
23.4734 
23.4947 
23.516a 
23.5372 
23.5584 
23.5797 
33.6008 
23.6230 
33.6432 
23.6643 
33.6854 
33.7065 
33.7276 
33.7487 

• 33.7697 
83.7903 
33.8118 
33.8328 
23,8537 
23.8747 
23:8956 
33.9166 
33.9374 
33.9583 
33.9792 
24J 

24.0206 
24.0416 
24.0624 
24.0832 
34,1030 
34.1247 
24.1454 
24.1661 
84:1868 

' 24.2074 
24.2281 


8.3777 


430.. 


7.9843 


431 


610^.- 


7.9890 


432.. 


611- 


7.9046 


4S3 


618..'- 


8. 


434.- 


61«i 

6141. i i. 


■ &0068 


435. 


8.0104 


436 


616:.;....i.. 


6.0156 


&t 


61«i..i. ...... 


&0206 


438 


617i....... . : 


6.0860 


4S9 


618... 


8.0311 


440.. 


619 


8.0363 


441 


680i. ........ 

621..... 


8.0416 


442 


8. (MOO 


443 

444.. 


80938307 
87628384 
88121125 
88716536 
89314623 
89915308 
80518849 
OUKOOO 
01733851 
93346408 
02980077 
98676664 
04196375 
94818816 
05443093 
96071012 
96702579 
97330000 
97972181 
98611128 
99252847 
99697344 
100544625 
101194696 
101847563 
102503232 
103161709 
103823000 
104487111 
105154048 
105823817 
106496424 
107171875 
107850176 
108531333 
109215352 
109902239 
110592000 
111284641 
111980168 
112678587 
113379904 
114084125 
114791256 
115501303 
116214272 
116030169 
117649000 
118370771 
119095488 
119823157 
120553784 
121287375 
122023936 
122763473 
123505092 
124251499 
125000000 
125751501 
126506008 
127263527 
128024064 
128787625 
129554216 
130323843 
131096512 


6884.;.... 

628.......... 


8.0517 
. 8.0560 


445 . . 


624.. i 


8.0620 


446.. .... 


535 ..:..i 

536 , 


8.0071 


447 


8.0733 


443 


5374.; 


8.0774 


419 


588*. - 


8. 0625 


450.. 


589 

680...; 


. 8.0676 


451 


8.0927 


453 


631..;^. ...... 


8.0978 


463 


638*.- 


8.1028 


454.. ..A 


683 


6.10TO 
6.1130 


tf5 i 


134 


456.. 


586 


6.1180 


457 


636 .' 


6.1231 
8.1281 
6.1333 
8.1382 
3.1433 
&1483 
8.1533 
8.1583 
«.1633 
8.1683 
3.1733 
8.1783 
8.1883 
8.1882 
6.1932 
8.1982 
8.2031 
8.2081 
8.2130 
8.2180 
3.2329 
8.2278 
8.2327 
8.2377 
8.2426 
8.2475 
8.2534 
8.2673 
3.2621 
8.2670 
8.2710 
8.2768 
8.2816 
6w2865 
«.2913 
3.3962 
3.3010 
6.3050 
8.3107 
S.3155 
8.3203 
S.3251 
&3300 
&3348 
&3396 
8.3443 
6.3491 
3.3539 
8.3587 
8.3634 
8.3682 
8.3730 


458.. 


637 


4SB 


538..:....:.. 


400 


638 ' 


461 


640..; 


462 


641 


485.. ., 


648 


464 


643. ........v 

644 


US.. 


406 


645 


467. 


646 


468.. 


547 


401 


648 


499 


649 


471 


650. -... 


472... 


651. ..-;.... i 
658 


473 


474 


563.. 


475 


554 ;.;. 


478 


655 


477 


656. *..; 


478 


657 


479 


658 i... 


480. i 


559.... ... . 


481 


660..; 


488 


561.... 


483, 


562 ... 


484 


663..-. 


485. 


564 . 


486 i... 


565 • . 


487... .... 


506 .-. • 


488 


667..'.. 


489 


668 


490 


669;... . . 


491 


670.:... .... 


489 


571 ... . 


483 


672. . 


404 


678.. 

674j.... 


486 


496. 


076.... ..t... 

676..'. 


487 ; 


488 


677:... - 


m 


678. 


500 


679.... 


601,.; 


680.... 


508..; 


58i:... 


503 


582. . 


JOii. 


683 1 


505 


684.... 


506.. 


685 


507.. fc- 

508 


586.. .....v.. 

587 



184 TOPO€»tAPHY> MASP^ (RBAPINay AMI) OiaOOl^KAIdfiAtKefi. 

Tabdb VI .-^Tdble of ^quanii tubes, vpwre roofi, . mki tvbe mote^of i^uMersifromi J U> 



;?f«- 



iquare 



Cube. 



root* 



foot* 



^ti. 



SquttTii. Cttbfl, 



Square 
root. 



Cube 
root- 



t»*i 



208697857 



Q3f786712 
23BBei»2» 
S209BiaOO 
228009131 



a7699& 23lHfiB»44 
Sr822&> 232006875 
2ff9456. 2S87itt|06 



388120 
^9376 
^0625 
801878 
883120 
804381 
^5^1 



287116650 



23048806(1 
210641848 
24i80tfb7 
342B90S24 
244140825 
248814B76 



243e78l5& 



2S0047000 
251280601 



m:... ...... 



17 

2541840104 
260047875 
2572B0456 
258474858 
2S0eO4O72 
260017110 
282H4000 
203874721 



205847707 
207080084 



190180186 
270840023 



873350440 
874O9B00O 
075804451 
277107806 
278445077 
270720304 
28mi375 
288310410 



884800812 
286101170 
287406000 



.444880 



8WU7528 
201484047 
202764044 
204070625 
206408396 
006740068 



ai.2603 

21.2800 

24.3105 

94.3311 

94.8516 

S4.3721 

S.8026 

S4.4131 

S.4336 

S4.4540 

S4.4745 

24.4049 

24.5153 

24.5357 

24.5561 

24.5764 

24.5067 

24.6171 

24.6374 

24.6577 

24.6770 

24.6082 

21.71.84 

24.7386 

t».7588 

84.7790 

24.7002 

21.8103 

21.8395 

21.8506 

21.8707 

».8008 

24.0100 

24.0300 

M.0600 

24.0800 

26. 

26.0200 

25.0400 

26.0599 

85.0799 

85.0996 

25.1197 

25.1396 

25.1505 

25.1704 

25.1002 

25.2190 

25.2389 

25.2587 

85.2784 

25.2982 

25.3180 

25.3377 

25.3574 

85.3772 

85.3969 

85.4165 

25.4362 

25.4558 

25.4755 

25.4951 

85.5147 

25.5343 

25.5539 

25.5734 

25.5030 

25.6125 

25.6320 

25.6515 

25.6710 

.25.6005 

25.7000 

25.7294 

25.7488 

25.7682 

26.7876 

25.8070 

25.8263 



8.8825 
8.38V8 
8.3010 
8.8067 
.8.4014 
8.4081 
8.4106 
.8.4155 
8.4908 
.8.4240 
.8.4896 
8.4848 
8.4880 
.8.4487 
8.4484 
8.48S8 
8.4577 
8.4688 
8.4e» 
8.4718 
8.4768 
8.4800 
.8.4868 
8.4002 
.8.4tig 
.8.4804 
.8.504^ 
.8.5018 
.8.5m 
.8.5178 
.8.5284 
8.59710 
8.5818 
.8.5369 
.8.5408 
8.5458 
.8.5400 
.8.5544 
8.5510 
8.5635 
8.5681 
8.500 
8.5178 
8.5817 
8.5808 
8.5107 
8.5088 
.8.5007 
8.6048 
8.6088 
8.6138 
8.6177 
8.6888 
8.6207 
8.6818 
8.6887 
8.6401 
8.6446 
8.6400 
8.6686 
8.6876 
&6684 
8.6068 
8.6718 
8.6787 
8.6801 
8.6845 
8.6800 
8.6081 
8.6978 
8.7088 
8.7066 
&7110 
8.7154 
8.7108 
8.78a 
8.7885 
8.7326 
&7898 



288077632 
2004183IO»^ 




688. 



680.. :..!... J, 

600^... -[..;•. 
601j....f.-. 

AMI . - ^ .■ 



88D0)8a04 



4606M 
'461041 
462400 
463761 
465124 

467866 
409226 
470506 
471960V 
473344 
474721 
476100 
4n481 
478864 
460240 
48163618S4&B5384 



8M472101 



86QiQaS25 



354B04013 



383004344 
889525675 
3BinMUa96 
368001818 
8310116232 
37nai05» 

ineMBooo 

874805861 
876367048 
877088067 
ar>OK0424 
38I07812& 
388657170 



88700480 
380Of7OOO 
890617881 



807068375 



4(0043972 
403583410 



; 8$. 8457 
:S».8650 
i^.8844 
26.0037 
.».d230 
^250422 
> 25.0615 
^.0808 

«J.0id2 
.80.O3$4 
960576 
96.0708 
96.0960 
90.1151 
96.1843 
86.1534 
96.1725 
96.1916 
96.2107 
96.2208 
96.2488 
96.2679 
.96.2860 
96.3059 
96.3249 
96.3430 
.96.3629 
96.3818 
J6.4008 
86.4197 
86.4386 
.86.4575 
86.4764 
96.4953 
26.5141 
26.5330 
26.5518 
26.5707 
26.5805 
26.6083 
26.6271 
:26.64£8 
.26.6646 
26.6833 
26.7021 
26.7208 
26.7305 
: 26. 7582 
26.7760 
26.7955 
26.8142 
'26.8328 
26.8514 
26.8701 
96.8887 
26.0072 



410USM07 
411830784 
4I34B0B25 
1415160036 



26.0444 
26.0620 
aO.0615 
27. 

27.0185 
97.0870 
37.0555 
97.0740 
27.0924 
27.1100 
27.1293 
27.1477 
27.1662 
27.1846 
27.2029 
27.2213 
27.2397 
27.2680 
27.2764 
27.2047 
27.3130 



.8,7508 
8.7W 
8,7500 
8.7884 
8.7677 
S.7721 
8.7W4 
8.7887 
8,7869 
8.7888 
8,7097 
8,7180 
8.8888 
8.8800 
8.8180 
8.8169 
8.8194 
8.8387 
8.8880 
8.8893 

. p« w68 
8.8408 
8.8481 
8.8408 
8.8880 

.8.86a 
8.8081 

.8.8868 
8.8908 
8.8848 
8.8799 
8,8888 
8.8811 
8.8817 
8.8050 
8.0001 
8.0048 
8.0065 
8.9127 
&M08 
&09U 
&9888 
8.0806 
8.0887 
8.0878 
8.0898 
8.9498 
8.0808 
8.0646 
8.9667 
8.0888 
&9690 

&oni 

&0fB9 

8.0V04 
&0888 

8.9879 

&0019 

8.0089 

0. 

0.0041 

0.0068 

0.0123 

0.0164 

0.0906 

0.0246 

0.0287 

O.0B88 

0.0000 

0.0410 

0.0400 

0.0101 

0.0632 

0.0672 

0.0618 

0.0854 

0.0004 



•FOPOGBAPHY, MAP RBADINO^ AND ftleCOKTrAIfSSANOE. 
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?ABLB YI. — Table ofsquareSj ckb^^ §quare toots ^ atUteube roots of numbers from 1 io 

i ,aOflL— Oontinued. 



No. 


Squ»n. 


CTulie- 


Square 


Cuba 
root. 


Ko, 


Squftiv. 


Qib«. 


Square 
root. 


Cabe 
root. 


747 


558009 

559604 
561001 
862600 
664001 
565604 
867009 
666616 
570026 
571636 
673049 
574664 
876081 
677600 
679121 
580644 
682169 
683696 
6ai225 
586756 
688289 
589824 
691361 
692000 
694441 
895984 
697629 
599076 
600626 
602176 
003729 
605284 
606841 
608400 
609961 
611624 
613089 
614656 
616225 
617796 
619369 
620944 
622521 
624100 
625681 
627264 
628849 
630436 
632025 
633616 
635209 
696894 
638401 
640000 
641601 
643204 
644800 
646416 
648025 
649636 
651249 
662864 
654481 
666100 
657721 
659344 
660969 
662596 
664225 
665866 
667489 
669134 
670761 
672400 

« 

077329 

678976 
680625 


41683272S 
418508992 
420189749 
421875000 
423564781 
426259008 
426057777 
428661064 
43036887S 
432081216 
433798093 
435519612 
437245479 
4389^6000 
440711081 
442450728 
444194947 
445943744 
447697125 
449455096 
451217663 
452984832 
454756609 
456533000 
458314011 
460099648 

465484375 
467288576 
409097433 
470910952 
472729139 
474552000 
476379541 
478211768 
480048687 
481890304 
483736625^ 
485587656 
187444403 
489303872 
491169069 
493039000 
494913671 
496793088 
498677257 
500566184 
502459875 
504358336 
506261573 
508169692 
510082399 
512000000 
513922401 
515849608 
517781627 
519718464 
521660125 
523606616 
525557943 
527S14112 
529475129 
531441006 
533411731 
535387328 
537367797 
539353144 
541343375 
543338406 
5453385113 
547843432 
549353259 
551368000 
553387661 
555412248 
557441767 
559476224 
5C1515625 


27.8813 

27.3496 

27.3679 

27.3661 

27.4044 

27.4226 

27,4406 

27.4601 

27.4773 

27.4966 

27.6136 

27.6316 

27.6600 

27.6681 

27.6662 

27.6048 

27.6226 

27.6405 

27.6666 

27.6767 

27.6948 

27.7128 

27.7308 

27.7489 

27.7669 

27.7649 

27.8029 

27.6209 

27.8388 

27.8668 

27.8747 

27.8927 

27,9106 

27.9266 

27.9464 

27.9643 

27.9621 

28. 

28.0179 

28.0367 

2a 0636 

28.0718 

2a 0891 

28.1069- 

28.1247 

28.1425 

28.1603 

28.1780 

28.1957 

28,2135 

28. 2312 

28.2480 

28.2666 

28.2848 

2a 3019 

28.3196 

28.3373 

28.3549 

2a 3725 

2a3901 

28.4077 

38.4253 

2a 4781' 
28.4956, 
28.5il32i 
28.5307; 
28.*5«2> 
2a ^7 

28.5832 
286007 
28.6182 
28.6356 

28.6880 

2a 7054 
2a 7228 


9.0736 
9.0776 
9.0816 
9.0856 
9.0696 
9.0937 
9.0977 
9.1017 

§:}^ 

9.113$ 
9. 1178 

9! 1258 
9.1298 
9.1338 
0.1378 
9. 1418 
9.1458 
9. 1498 
9.1537 
9.1577 
9.1617 
9.1657 
0.1696 

■9.' 1894 
9.1933 
9.1973 
9.2012 
9.2052 
9.2091 
9.2130 
9.2170 
9.2209 
9.2248 
9.2287 
9.2326 
9.2365 
9.2404 
9.2443 
9.2482 
9.2521 
9.2560 
9.2599 
9.2638 
9.2677 
9.2716 
9.2764 
9.2^ 

9.2870 
9.2909 
9.2948 

9.2986 
9.3025 

9.3102 
9.3140 
9.3179 
9.3217 
9.3255 
9.3294 
fl.«33 
9.3370 
9.3408 

•."8523 
9.3561 
9.3599 

S3675 
9t3713 
9.3751 
9.3789 


826 


093889 
095656 
097225 
698896 
700569 
702244 
703921 
705600 
707281 
708964 
710649 
712336 
714025 
715716 
717409 
719104 
720801 
722500 
724201 
725904 
727609 
729316 
731025 
732736 
724449 
736164 
737881 
739600 
741321 
7.43044 
744769 
746496 
748225 
749956 
751689 
753424 
755161 
766900 
758641 
760884 
762129 
763876 
765625 
767376 
709129 
770884 
772641 
774400 
776161 
777024 
779689 
781456 

790321 

797449 
799236 

'804609 
'80^ 

815409 
817216 


663689976 

673866m 
6780803^ 

582182875 
584277056 
586376258 
588486472 
590689719 
592704000 
594823321 
596947688 
599077107 
601211584 
803351125 
605495736 
807645423 
609800192 
611960049 
514125000 
616295051 
618470208 
620650477 
622835864 
625026375 

629422793 
631628712 
633839779 
636056000 
638277381 
640508928 
642785647 
644972544 
647214625 
649461896 
651714368 
653972032 
656234909 
658603000 
660776311 
663054848 
665338617 
667627624 
669921875 
672221376 
674526133 
676836152 
679151439 
681472000 
683797841 
686128968 
688465387 
690807104 
693154125 
695506456 
697864108 
700227072 
702505369 
704969000 
707347971 
709782288 
712121957 
714516984 
716917375 
719323136 
721734273 
724150792 

729000000 
731432701 
738870808 
736314327 
738763264 


2a 7409 

2a 7676 

3a 7750^ 

2a 7934 

2a 8097 

2a 8371 

2a 8444 

2a 8617 

2a87W 

2a 8964 

2a 9137 

28.9310 

2a 9463 

28.9666 

28.9626 

29. 

29.0173 

29.0346 

29.0517 

29.0689 

29.0661 

29.1083 

29.1204 

29.1376 

29,1648 

29.1719 

29.1890 

29.2063 

29.2288 

29.2404 

29.2676 

29,2746 

29.2910 

29.3067 

29.3068 

29.3428 

29.3606 

29.3769 

29.8909 

29.4109 

29.4279 

29.4449 

29.4618 

29.4788 

29.4958 

29.5127 

29.6296 

29.5466 

29.6635 

29.5804 

29.5973 

39.6142 

29.6311 

39.0479 

39.6648 

29.6816 

29.6086 

29.7331 
29.7469 
29.7658 
29w7aS5 
29.7993 
99.8161 
2^.8329 
29.8496 
29.8064 

» 

29. SS' 
29.0800 

29.9666 
29.'98« 

30! 0167 

.80.0883 

30.0500 

30.0666 


9.3887 


748 


827.. 


9.3866 


749 


828 


•9.3900 


750 


829 


9.3940 


751 


fflo.::::::::: 


9.3078 


752 


831 


9.40>16 


753 


K^:;::::.::: 


9.^4068 


754 ' 


833 


9.4091 


755 


834 


9.4139 


766 


^: :::::::: 

836.1 


9.4106 


757 


9.4204 


758 


837 


9.4341 


759 


838., 

839 


9.4279 


760.. 


9.43t6 


761 


840.; 


9.4364 


762 


841.: 


9.4391 


768 


842 


9.4439 


764 


843 


9.4466 


765 


844 


9.450^ 


766 


845 


9.4541 


767 


846 


9.4578 


768 


847 


9.4616 


769 


848 


9.46fHt 


770 


849 


9.4690 


771 


850.. 


9.4727 


772 


851...., 


9.4764 


773. 


852 


9.4601 


'774 


853-! .!....*. 


9.4838 


776 


854., 

855 . 


9.4876 


776 


9.4912 


777 


856.: : 


9.4949 


778 


857 


9.4986 


779 


858 


9.5023 


780 


859 


9.5060 


781 


860., 


0.6097 


782 


861 


9.5134 


783 


862 


9.5171 


784 


863 


9.5207 


785 


864 


9.5344 


786 


865 


9.5281 


787 


866 


9.5317 


788 


867 


9.5354 


789 


868 


9.5391 


790 


869 


9.5427 


791 


870 


9.5464 


792 


871 


9.5501 


793 


872 :.'.. 

873 . 


9.5537 


794 


9.5574 


796 


874 


9.6610 


796 


875 


9.5647 


797 


876 


9.5683 


798... i.-^..- 


877..:........ 

878.......... 

879 .. ' 


9. 5719 


Tw.::;:::::: 


9.5756 


800 


9.5792 


801 

802 


880.. „. 

881 .. .. . 


9.5828 
9.5866 


80S 


882. ...iw... 
883 


9.5901 


804 


9,5937 


805 


884 


9.5978 


806...,. 




. %6010 
9t6046 


807, 


^6 ^ 


aos:: 

809 


■887.. •:_...!. 
888 


9.6082 
9.6118 
9.6154 


Sol:..:.:... 


889. .V .' 


811 


890., .....v-,. 
891 ■.... 


9.6190 


812 


9.6226 


813 


892.11. U 

893 

894 1 ' 


816262 


814 


ft. 6298 
9.6334 


816 


816 V... 

817:. ..• 


^„..;K.... 


9. 6370 
9.6406 


818 . .1* 


897.. J'-. Luv. 
898,...,......; 

899..-.'-j?.l.' 
900.i^..H...... 

901 


' 9i6A42 


iiS: : : 


9.64n 
9.608 


tSsv:.;:::::. 


^— '♦^^:: 


l'^ 


824 :..... 


903 '.J.J 

903 


9.6630 

9.6656 


825 


904 


9.6602 
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Table Yl.— Table of Bquare^^ outo» square roots, and.eiibe roots of nimi>ers fropi 1 to 

i,(Wtf-^Qiitinued . 



No. 


Square. 


Cube. 


Square 
root. 


Cube 
root. 


No. 


Squaie* 


Onbe. 


Square 

TOOt. 


Cube 
root. 


006 


819026. 

820836 

822640 

824464 

826281 

828100 

829921 

831744 

833560. 

835306 

837225 

839056 

840880 

842724 

844561 

846400 

8482a 

850084 

851920 

853776 

a'>5625 

857476 

859320 

861184 

863041 

864900 

866761 

868624 

870489 

872356 

874225 

876096 

877969 

879844 

881721 

883600 

885481 

887364 

889240 

891136 

893025 

894916 

896809 

898704 

900601 

902500 

904401 

906304 


741217626 
743677416 
746149643 
748613312 
751080429 
753571000 
756058031 


30.0832 
30.0908 
30.1164 
30.1330 
30.1406 
80.1662 
30.1828 
80.1093 
30.2159 
30.2324 
30.2490 
30.2655 
30.2820 
30.2985 
30.3150 
30.3315 
30.3480 
30.3645 
30.3809 
30.3974 
30.4138 
30.4302 
30.4467 
30.4631 
30.4795 
30.4959 
30.5123 
30.5287 
30^5450 
30.5614 
30.5778 
30.5941 
30.6105 
30.6268 
30.6431 
30.6594 
30.6767 
30.6920 
30.7083 
30.7246 
30.7409 
30.7571 
30.7734 
30.7896 
30.8058 
30.8221 
30.8383 
30.8545 


9.0737 
9.6763 
9.9790 
9.6834 
9.6^ 
9.6005 
9.60tt 

9.70C 
9.70g 
0.7U8 
9.7153 
9.7188 
9.7224 

im 

§:^ 

9.74Q0 
9.7436 
9.7470 
9.7506 
9.7640 
0.7675 
9.Tm 
0.7846 
0.788D 
0.7716 
0.7750 
0.7786 
0.7810 
0.7864 
0.7880 
0.7024 
0.7050 
0.7UU3 
0.8028 
0.8063 
0.8007 
0.8132 
0.8167 
0.8201 
9.8236 
9.8220 
9.8305 
9.8339 
9.8374 


S:::::::::: 


908208 
010116 
012025 
013036 
01584d 

010681 
021600 
023521 

S^ 

029206 

037024 
038061 
040000 

060625 
062576 
064620 
066484 
058441 
060400 
062361 
064324 
066280 
068256 
070226 
072196 
074160 
076144 
078121 
060100 
062081 
064064 
066040 
088036 
090025 
092016 
004000 
006004 
006001 
1000000 


10684184 
806632125 
001428606 
004231063 
807030232 

»0858200 

l^. 

018330048 
0^167317 
024010424 
02685^76 
020714176 
032674833 
93A4a352 
038313730 

052763004 
056671626 
058685256 
06150480^ 
064430272 
067361660 
070029000 
073242271 
076101488 
070146657 
082107784 
085074876 
988047036 
001026978 
004011092 
007002090 
100000000 


. 30.8707 
30.8860 
30.9031 

aaoio7 

80.9354 

10.9616 

30.9677 

80.0880 

31. 

31.0161 

31.0322. 

31.0483 

31.0644 

31.0966 
81.1127 
31.1288 
81.144B 
31.1600 
81.1760 
31.1020 
31.2000 
31.2250 
31.2a0 
31.2570 
81.2730 
31.2800 
81.3050 
31.3200 
S.3360 
81.3528 
31.3688 
31.3847 
31.4006 
31.4166 
31.4325 
31.4484 
31.4643 
31.4802 
31.4060 
31.5110 
81.5278 
31.5436 
ai.5595 
31.5753 
81.5011 
ai.6070 
31.6228 


0.8406 


WQ.»« »**^« 


0.8418 


007 *^ 


055 


IfSi 


gOB I.I*.. 


066 :.,;. 


000 


037.. 


V.8S46 


910 




£«» 


^U....;. 


060 


9.8B14 


912 


^ .... 




.913 


761048497 
763561944 
766060675 
768575296 
771095213 
773620632 
776151569 
778688000 
781229961 
783777448 
786330467 
78^89024 
791453125 
794022776 
796597983 
799178752 
801765089 
804357000 
806954491 
809557568 
812166^7 
814780504 
817400875 
820025856 
822656053 
825293672 
827936019 
830684000 
833237621 
835896888 
838561807 
841232384 
843908625 
846590536 
849278123 
851971392 
854670349 
857375000 
860086351 
862801406 


B^R 


914... ^. 


068 


o!87l7 


915 


flS.. . .: 


ffflSl 


9l6.» 


oS: ::::::;;: 


0.8785 


S?::.::::;:. 

018 . 


066 

066 




919.. 


967 


920..... 


968 


0.80SB 


ggl 


060 

070... 


olm 


022 


0.8000 


9?3.^ 


on ^ 


o.ooaf4 


824 . 


072 


0.9068 


926;.....^ 


073: 


O.BO0B 


926 


074 

075 


0.0120 


'927 


O.OA80 


.^:;;:::;::: 


SJ5 - 

077 


0.0M 


'909 


ifflff? 


030 . .. 


078 


OOffi 


931 


070 




932 


060 


0^ 


983... 


061 


934 


082 


0.0OOB 


935.' 


0®....;.::;: 


0.0480 


wS;::;;:;.:: 


084... .t 

966 


0.04A4 


937 


ObOtt^ 


938 


086 




939 .^,,, 


087 


940 


088.. 


Q*QMlft 


Oil. 


080 


fi MSI9 


942 


000... 


0,9MA 


943 


901 


0.0008 


944 


092 


oioSS 


945 


903 




oS:!::!i!;.! 


004 


Oloma 


947 


005 


A ^mS 


94S 


906...-, 

997.,..; 


A SSk 


949.. 


A SSa 


950 


098 


A MM 


951 


SS.. ..:::::: 


o' mSt 


oS:: :::; ! 


1000 


10. 









213. To find the square root of a deoimai fraction or mixed number 
from the foregoing table, multiply by 100 or by 10,000 and find the 
product in the column of squares. The corresponding number in 
the fia:st column, with the decimal point one or two places to the left 
is the desired root. 

For the cube root of a similar number, multiply by 1,000 or by 
1,000,000, and find the nearest number in column of cubes. The 
corresponding number in the first column, with the decimal point 
one or two places to the left, is the desirfed root. 

Examples: Required the square root of 5.246. 

Multiply by 100 : the result is 524, whidi found in column of squares 
is opposite 23 in the column of numbersw Moving the decimal point 
one place to the left to correspond with the multiplication by 100, 
gives 2.3 for the desired square root, to the. first place of decimals 
and hence approximate only. Secoijd: Multiply by 10,000; the 
result is 62,460, which found in the eolunm of squares is opposite 
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229 in the column of numbers. Moving the deoimal point two places 
to the left to correspond to the multiplication by 10,000, the result 
is 2.29, which is the desired root to the second place of decimals. 

Required the cub^ root of 5.246. Multiply by 1,000, giving 5,246, 
which found in the column of cubes is opposite the number 17 in 
the first column. Moving the dedmal pomt one place to the left 
to correspond to the multiplication by 1,000 gives 1.7, which is the 
required cube root to one decimal place. Again, multiplying bj 
1,000,000 gives 5,246,000, which found in the column of cubes is 
opposite the number 174 in the column of numbers. Moving the 
decimal point two places to the left to correspond with the multi- 
plication by 1,000,000, gives the number 1.74, which is the desired 
cube root correct to two places of decimals. 

To find the square root or cube root of a namber greater than 1,000, 
find the nearest number in the column of squares or cubes and take 
the corresponding number in the first column, which will be correct 
for the nuiriber of figures it contains. 

For the fourth root, take the square root of the square root. For 
the sixth root, the square root of the cube root, or tne cujbe root of 
the square root. Higher roots, the indices of which can be factored 
in 3's and 2'^, may be taken in tiie same way. 

CmCULAU FUNCTIONS. 

214. Those most used are shown graphically in fig. 68. They bear 
a definite relation to the radius of a circle in which- they are drawn. 
When the radius is unity, functions are called natural, as natural 
sine, natural tangent, etc. Their values are §iven in Table XVI for 
each 10' of arc. The tabulated values are ratios of the several func- 
tions to the radius and if any length, expressed in any unit, considered 
as a radius, be multiplied by a tabular number, the result wiU be the cor- 
responding function of the circle of the given radius. The table gives 
values from to 90^. For greater angles, uge the following relations: 
Subtract the given angle from 180° or 360°j or subtract 180° from the 
angle, as may be required, to leave a remamder of 90° or less. Take 
out the required function of the remainder^ which is also that of the 
given angle. ^ 

Interpolation for values not in the table may be done approxi- 
mately Dy taking the proportional amount of the difference between 
two consecutive values. Thus, for the sine of 28° 43' take the sine 
of 28° 40' plus ^ of the difference between sine 28° 40' and sine 
28° 50'. 
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' Aw. 



. .00 
' 10 

30 
40 

1 00 

10 



2 00 

1< 



40 
50 

3 00 
10 
20 
30 
40 
50 

4 00 
10 
20 
30 
40 
50 

5 00 
10 
20 
30 
40 
50 

6 00 
IQ 
20 
80 
40 
50 

7 00 
10 
20 



! . 1 

/:: — .1— 



.goesin. 

.0QB7265 
,0116353 
.01.45439 

,0I745{M 



At 
.0310933 

,0378065 
.0407131 
.0436ilM 
.0465253 
.0494308 

.0523360 
.0552406 
uQ58]i448 
.0610485 
.06396>17 
.0668544 

.0697565 
.0726580 
.0755589 

."•^^7 
.10842576 

.0871557 



^i)«5S458 
.0987408 
. 1016351 

'.1045285 
.1074210 
. 1103126 
.1132032' 
.1160929 
.1189$16 

.1218^ 
.1247S'60' 
. 1276416 
. 1305262 
;a33409ft 
-.1362919 



Cosine,. 



'TAi^l O 



• ■ , ^ 



< .006817. 

.ai7!455 

.020365 
'.0^275' 



.-essoos 

.034920 



746. 
■ .04S66D 
.046575 
.040491' 

: 052407 
.;05582S 

.058243 
''.b6I162 



.075775 

. !sQ845a8 

.090420 
.093354 



.099225 
.102164 

.105104 
.108046 

Am 

.119832 

. 122784 
;1257^ 
. 128694 
. 1316(52 
'.ISifflfi 
.137575 



Cotang. 



■t -i.-i 



)i' J. h 



Mf-- 



^iiim^: ! 



'Krl^9pft 

'^29/^5*"^ 
'32.-9037fi 

fft.te'lfe 
l& 074»7> I 

15.69478, 
14.92441 

13.19688 

. iirflmr: 

It. 4^ • 



. lo: 

"9.^14364 
I' -9. 255303 



(.8v 555546 
8.344955 



7.770350 
.7.595754 
; '7.418706 

7.2eai7^ 



TWg.- . 




/ :9bfei947- 

j995937|0' 
,.0E56?(S, 
i< '.99539621 

• ;^; 

,994521^' 
.9943136.' 



'.9935719' 



.9918204 

.0914449 

•:JM1061(V 



8400 

. '50 ; 



!?■• 



40 
30' 



^ -^^.^14 



IM- -.J 



Tabl« yil.-^Nahiral sirtes and ten^te-— bontitocted-. 



m 



Arc. 



Bind. 



Tang. 



OoCang. 



CObIdb. 



8 00 
10 
; 20 
30 
40 
50 

':0 00 
10 
20 
80 
40 
60 

'10 00 

I. W 

20 

' 30 
40 
60 

11 00 
10 
20 

. 30 

. 40 

60 

12 '00 

10 
20 
30 

^ 60 

Ms" 00 

;. 10 

' 20 

30 

40 

60 

14 '00 
10 
20 
30 
40 
60 

15 • do 

10 
20 
30 

' 60 



.1449ffl9 
.UTVH 
,1506867 
.1535607 



.17364^ 
.1765121 
.1793746 
.1822356 
.1850940 
.1870528 




.2248511 
.2277^ 
,23061^ 
.23344;^ 



.2S88190 



.2728400 



Cosine. 



;i4[X5« 
.143508 
.148478 
.1494^ 
.152426 
.155404 



.194380 
.197400 
.2Q0424 



.209518 

.2125^ 
.218598 
.218844 
.2211994 

.227806 



,23: 



.2^240 



8.g$48 i 
QV691156 ^ 
8.560563 

8.434842 

8.313751 
8.197027 

i%64 
5k ^804 
5.7ti0388 

^87X281 
5.570878 
5.481506 
5.395517 
^309270 
S. 225684 





.90^2081 



.9894416 
,9800159 
.9885$17 
; 9881392 



.9821781 

.9818972 
.9810680 
.980S00S 
.9790247 
.97^406 
.97^483 



Gotaog. 



Tang. 



Siiael 



82 00 
. 60 
40 
30 
20 
10 

81*00 
60 
40 



10 

to 00 
60 
40 
30 
20 
10 

79' to 
60 
40 
30 
20 
10 

78 DO 
60 
40 
80 
20 
10 

.77 00 
60 
40 
30 
20 
10 

76 00 
60 
40 
80 
20 
10 

75 DO 
60 
40 
80 
20 
10 



Arc. 
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Tabled VlL-^Natural nnes mid langents—^ontiiiue^: 



Arc. 


Mne. 


Twe^ 


G«l»ag. 


Goerioe. 


/ 


/ 

« 32 00 


^smm 


^684«60 


1.608334 


\ISS& 


SSt 00 


10 


.att;839 


.J608081 


liSSew 


50 


ao 


.5349440 


.698968 


«84496Q8 


40 


30 


.5999006 


.687090 


l!560685 


.8488014 


30 


40 


.5899007 


.64U67 


1.660655 


.8418849 


20 


50 


.fi4»9n 


.646279 


1.640715 


.8408613 


10 


33 00 


.6446890 


.649407 


1.680865 


.8a86?06 


57 00 


10 


.5420063 


.668561 


1.580102 


.8870837 


50 


20 


.M060Q0 . 


.657nO 


1.520426 


.8864878 


40 


30 


.6516670 


.601885 


1.510835 


^8888858 


30 


40 


.5648608 


.666076 


1.501328 


.88^68 


20 


50 


.6669990 


.670084 


1.491903 


.8806607 


10 


34. OO 


.6861929 


.674506 


1.488561 


.8880876 


56. 00 


10 


.5616021 


.628749 


1.478298 


.8074074 


50 


20 


.6640966 


.668006 


1.464114 


.8267703 


40 


30 


.5664062 


.687281 


1.466009 


.8341862 


30 


40 


.5686011 


.694572 


1.446080 


.6281951 


20 


50 


.6711012 


.696881 


1.487026 


.8068170 


10 


35 00 


.6786764 


.760207 


1.408148 


.81«1620 


5& 00 


10 


.6760668 


.704561 


1.410842 


.8174801 


50 


20 


.5788823 


.708913 


1.410609 


.8168013 


40 


30 


.5809080 


.713203 


1.401948 


.8141155 


30 


40 


.5880887 


.717691 


1.808357 


.8131320 


20 


50 


.586^04 


.702107 


1.884835 


.8107234 


10 


30 00 


.5677853 


.706542 


1.876381 


.8000170 


54 00 


10 


.momi 


.786906 


1.387995 


.8078038 


50 


20 


.8904819 


.736469 


1.889670 


.8866637 


40 


30 


.6048328 


.780961 


1.3S1422 


.8088660 


30 


40 


.8071586 


.744472 


1.348233 


.8081332 


20 


50 


.6901893 


.740003 


1.335107 


.8008827 


10 


37 00 


.0818150 


.758564 


1.837044 


.7086855 


53 00 


10 


.8011856 


.758124 


1.819044 


.7968815 


50 


20 


.6064511 


.762715 


1.811104 


.7061306 


40 


30 


.4n87614 


.7V7387 


i: 808225 


.7908633 


80 


40 


.U18666 


.771968 


1.305405 


.7116702 


20 


50 


.6188660 


.776611 


1.287644 


.7809083 


10 


3a 00 


.6U6615 


.781285 


1.379941 


.7880108 


5» 00 


10 


.6170611 


.785060 


1.272295 


.7868165 


50 


20 


.6008855 


.790607 


1.264706 


.7844157 


40 


30 


.6806146 


.705435 


1.2S7172 


.7830D82 


30 


40 


.6347885 


.800196 


1.249603 


.7807940 


20 


50 


.4J279671 


.804070 


1.942368 


.T780733 


10 


39 00 


.6008204 


.800784 


l.»4897 


.7T71460 


51 00 


10 


.6818784 


.814611 


1.227578 


.7753121 


50 


20 


.63SB810 


.819A2 


1.330312 


.7T84716 


40 


30 
40 


.6869783 
.6383201 


.834386 
.829333 


1.318097 
1.306032 


.7718246 
?7«07710 


80 
20 


50 


' .6406566 


.834154 


1.196818 


.7679110 


10 




OoftUie. 


C^tong. 


Tang. 


SiiM. 


Arc. 
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JP ^^ 'FII.Tr-Jifiiffaa^i^iMaAh^ (tn^fmi^ttOontj^iied. I 



,- I 



Arc. 



» .f * 



'do 

10 

! ^ ' 
40 
50 

I lOr 



42 



00 
10 
20 
30 
40 
50 

43 00 
10 

. 20 

!1i 30^ 

- 40 

1. .iri«) " 

44 00 
10 
20 
30 

50-^ 

45 00 



i^<!q«[t» 



Sine. 



> :.VV 

.6427876 
.6450132 

. 6516572 



.6604386 



.707»to8 



-Cofiipe. 



ilii .li; 



Tang. 



.830099 
.844068 



.8 
.864102 



, .884725 
.895150 



W 



.910994 
\ 916331 
.^3696':^ 
.927091 

.982515 
.937968 
.943451 

! 960082^ 

.965688 
. 971326 
.976995 
.982697 
31 



199 



1.00^ 



C^tang. 



LUlU. 



Cotang. 



)^. ! - s 

1. 191753 
1. 184737 
rl.l777W 
illtUOSIO 
1. 163976 
1. 157149 

il: 

1. 136941 

•ill. 

1. 117130 

1.097702 
1.0^308 . 
1. 091955 i 
4. 



1.072368 
1.066134 
1.059938 

1.041576' 

1.035530 
1.029520 
1.023546 
1.017607 
. 1.011703 
1 .1.005834 

1.000000 



' Tang. 



i) <f.i. 



CoBine. 



iV .1"'* ^ 

.7660444 
.7641714 
.7622919 

. 7585136 
.7566148 



.7508800 
.7489557 
.^70051.) 
.7450881 

. 7431448 
.7411953 
.7392394 
.7372773 



.7313537 
.7293668 
. .7273736 
\. 725^744 
.7233690 
. t?13574 

.7198396 
.71731fiL 
.7153863 
.7132504 
.7112086, 
, .7011^67^ 

. 7071068' 



..Sin^. 



«< . .i 

50 00 

50 

40 



10 



.49 < 



40 



48 00 
50 
40 
30 
20 
10 

47 00 

50 

40 

f30 

20 

'. 10 

46 00 



20 
10 



45 00 



AftV 



■;■) 



PROPERTIES OF CIRCLES. 

215. 1 ThQ Bailiia ol t^p jdiametiit' to ^the eiFotHnf erenoe ia represianted 
in mathematics by tt, called Pi; .'Ita rvialue^an ilot be exactly ex- 
pressed. To 5 decimal places it is 3.14159, which equals ^ nearly. 
Log. V equals 0.4971499. n .,>>.^- ^ r^,,. . . .. . i., )j 

Diam. X 3.141 5d =-^^^c. 

Diam. x 0.886277 = side of square of equal wea. ,- ■ . 

Diam. X 0.7071 =j^(Je of in^pr^b^d squar^e. , . 

i T D» = 0.7S54 X 1)2 = area of fhQ circle.^ 

xr2=3.1416xr'=area of the-ciricle; ' ' ' 

The length of an arc of n° =f|i x 0^Q17453. . v . . \ 

Example: If the radius is 542 feet, the length of an arc of 18"* 20' 
= 18°.33 X 542 X0.017453 = 165.5 feet. 



f 



PROPERTIES OF SOME PLANE FIGURES. 



..- -r . -o-^^^s'.afe c&ssQid aVi^qpil^terai wke^.t^^^ sides are, 

of equal l^ngtli ;' isocelq^, Whep. . two. , ^de^ <?nly axe equal;; p,oute^ 



"^?^?^?,y^^ ^?!^^ i^^'V^^.^i^l^^^^ obtf^c^-«^e4t ^h§p» 




180,°; /TPhje sides are^ 

^.3r r --^ -. .^^ ^j^^,v,site ande^i^.tJiQ^ealrv 

est and least sides opposite the greatest and le^^t angles. 
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Formulas for the solution of plane tciandite. (Fig. 69.) 
Given two sides, as a and &, and an angle opposite to one of them, 
as J?. 

Given 2 angles, as A and B, and the indnded side e, the most com- 
mon case. 

(7=180 -u+J?); »-- iST^; *=-se:x- 

Given 2 sides at a and &, and the included angle d 

ISO'' -O'^A+B 
A n („ M U+B) 

^ Ml : 

^ ^+g . ^-.g „ A+B A-B ^ osin. (7 
^-~2~~'^'~2~' ^ 2 2~' ^"" sin.^- 



Given the 3 sides — 

+ &+C 



'S, sm. 2-=y rg^ , 



^™- 2=V S^ ' ^"'- 2-V ^ • 

For every right-angled triangle the sine of the right angle is 1, 
and' the following relations result: The side oppoiiite the right angle 
isoalled the hypotlieiiiise. (Fig. 69.) 

Hypothenuse = a = c -^ sin. C= c X sec. B «= >s_ ^ 

= 6X8ec. (7=V*M^; 

6=-aX8in. JB-axcos. (7=cXt5otang. C«cXtang. J?/ 

c^axsin; (7=axcos. B = 6xtang. C; 

I c 

sin. JB =-cos. C; sin. (7=- — cos. B; ' 

' " J '^ a . « 

6 c 

tang. B=— = cotang. C; tang. (7='-j- = cotang. B. 

The area of. a trip-ngle equals any side multiplied by i^^th^. perpen- 
dicular distance from that side to the opposite angle.. Jff the perpen- 
dicular from the angle does not intersect the opposite iiide, prolong 
the side, but do not include the prolongation in its length for com- 
puting the area. All triangles which have a conunon side and their 
opposite angles in a strai^t line paralldl to the coiximon aide are 
equalinarea. 
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A line bisecting one angle divides the opposite side into parts pro- 
portional to the adjacent sides. In fig. 70, ah bisects the angle at 
a and Ic lac : :hd :ad. 

Lines drawn from each angle to the middle of the opposite side 
intersect in a common point, which is the center of gravity of the 
triangle. The shorter part of each line is J^ the longer (fig. 71). 

A fine joining the middle points of two sides is parallel to the third 
side and H its length. In fig. 7 1 the line efy joining the middle points 
of ah and hcj is parallel to ac, and }4 its length. Lmes joinrag e^ and 
/j would be parallel to ah aod he, and half their length, respectively. 

Similar triangles are those which have the same angles and differ 
only in length oi sides. The ratio between correspondmg sides of all 
similar triangles is the same, since it is the ratio oi the same f miction 
of the same angles. • Hence, if two siSes of a triangle and one of the 
corresponding sides of a similar triangle are known, the other corre- 
spondmg side may be determined. The simplest test of similar tri- 
angles is that their corresponding sides are parallel or perpendicular. 
The principle of similar triangles is of great utility in neld geometry. 

The side of a square equals the diameter of an inscribed circle; or 
the diagram of a circumscribed circle X 0.7071. The diagonal of a 
square equals one side X 1.4142. 

The area of a trapezoid, fig. 72, equals J^ the sum of the parallel 
. sides db and cd multiplied by the distance between them, ef. 

The area of a trapezium — ^no two sides parallel — figure 73, equals 
}^ the diagonal ac multiphed by the sum of the perpendiculars, 
i/ and de. 

The side of a hexagon equals the radius of a circumscribed circle. 
The area equals the square of 1 side X 2.598. The side of an octagon 
equals the radius of a circumscribed circle X 0.7633. The area 
equals the square of one side X 4.8289. 
1 To draw an octagon in a square (fig. 74). — From each comer, with a 
radius equal to }4 the diagonal, describe arcs as shown. Join the 
]^ point at which they cut the sides. If a square stick be scribed at a 
distance from each comer equal to 0.3, the side of the square and the 
comers chamfered to the marks, the resulting section will be nearly 
a true octagon. 

GEOMETRICAL CONSTRUCTIONS. 

217. To divide a straight line into any number of equal parts: 
From one end of the line araw another, making any convenient angjle 
^th itj as 10° or 20*^. On this auxiliary line lay off anj assumed 
distance as many times as the number of equal parts desired. Join 
the last point so determined with the end of the first line. Through 
each of the points marked on the auxUiarv line draw a line parallel 
to the line ioming the ends* These lines will divide the given Ime into 
the desired, number of equal parts. 
To draw a perpendicular from a given point on a line: Majk 2 
I points equidistant from the given poiat, fig. 75, and with them as 
centers and a radius greater than their distance from the given point 
describe arcs on each side of the line. Connect one intersection with 
the given point by a straight Hne, which is the perpendicular required. 
As a check on accuracy, note whether the hne passes through the 
other intersection. . 

99496**— 17 ^10 
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If the given point is at one end of the line, from a convenient point 
e outside the line describe a semicircle passing through the given 

{)oint and cutting the line again as at h, fig. 78. Draw a straight 
ine 6c through the center to the arc on the other side, as at d. The 
line da is the perpendicular required. 




Prom a given point to let fall a perpendicidar to a given line : From 
the given point, fig. 77, describe an arc cutting the hne twice. With 
these two points proceed as in erecting a perpendicular at a given 
point, fig. y6, or bisect the portion of the line between the mter- 
sections, as at d, and dniw the line ad^ which is the perpendicular 
required. 
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To descriDe a cirde passing through 3 given points: Join the points 
hj 2 lines, as ab and be, fig. 76, and construct a bisecting perpen- 
dicular on each. The perpendiculars intersect at the center of the 
required circle. 

218. Areas are to each other as the squares of similar Unes; similar 
triangles as the squares of corresponding sides, or of perpendiculars 
from corresponding angles to opposite sides, etc. 

Squares are to each other as tne squares of the sides or diagonals. 

Other regular polygons are to each other as the squares of the sides 
or of the radii of^inscribed or circumscribed circles. 

Circles are to each other as the squares of diameters, or radii, or 
chords of equal arcs. 

SPHEBES AND CUBES. 

219. The surface of a sphere = 4 7rr^ = 12.5664 r» = 3.1416d' = 0.3183 
circ. squared = 4 X area of a great circle = diam.Xcirc. = the curved 
surface of circumscribed cylinder. 

The surfaces of two spheres are to each other as the squares of 
corresponding lines. . 

The volume of a sphere=| ir r8 = 4.1888 r» = 0.5236 d'=0.01689 
circ.' = § diam.Xarea of great circle = § vol. of circumscribed cyl- 
inder =0.5326 vol. of circumscribed cube. 

The Yolnines of spheres and cubes are to each other as the cubes 
of their corresponding lineSj or the squares of corresponding surfaces; 
for a sphere, the radius, the diameter, the area of a great circle, or 
of any circle subtending equal angles at the center; for a cube, an 
edge, a diagonal of a side, or a diagonal of the cube. The diagonal 
of a cube == the iBdgeX 1.7321. 

GRAVITATION. 

220. The earth's attraction is measured by the increase in the 
velocity of a falling body which that attraction produces in a second 
of time. This quantity is represented by flr, and its value at the sur- 
face of the Bartn on the equator is 32.092 feet. This means that if 
any body is falling freely its velocity at the end of any second of time 
is 32.092 feet per second greater than at the beginning of that second. 
If the body starts from rest, its velocity at the beginning is 0, and at 
the end of the first second is g. The velocity of any falling body at 
any instant equals g multiphed by the number of seconds the blody 
bias been falling. This relation is strictljr true for a vacuum only, 
but for moderate heights is nearly correct in air. 

The value of g varies slightly with the latitude as shown in the 
following table: 

Table XVII. 

221. Values of g at surface of earth in different latitudes: 



Latitude. 


Value of p 
in feet. 


Latitude. 


Value of ^ 
in feet. 


Equator - 


32.09 
32. U 
32.13 
32.15 
32.17 


52" ly 


32.19 


20*40' 


60*" 


32.21 


ao" 


60*15' 


32.23 


ST^lCK 


90° pole 


32.25 


45* 
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'Ji'Jt'2. Tlio value of g varies also with the distance from the center 
of tho earth; or the distance above or below the surface, diminishing 
in both cases. This diminution is approximately 0.016 foot for 
each mUe above the surface and 0.008 loot for each mile below. 

223. TTie fundamental law of motion of falling bodies is v^=^2g7iy 
in which -y^the velocity at any point in feet per second; h, the dis- 
tance through which the body has fallen from rest to the given instant. 

As v=gtj h^igf==lQP. These relations are strictly true only in 
vacuo, but for small, smooth, dense objects are approximately cor- 
rect for motion in air up to 5 seconds. 

CENTRIFUGAL FORCE. 

224. If ti? = the weight of a revolving body and n the number of 
revohitions per minute, r = the radius of revolution or the distance 
of center of gravity of the body from center, of motion, and c = the 
centrifugal force or pull on the radius in pounds, then c =0.0003411771* 

Equivalents of measure, 

LENGTHS. 

I m«l«r« m-lO decimeters, dm^'lOO centimeters, cm»1000 millimeters, mm. 
I ttv»t«r. m-0.1 decameter, dkm»a 01 hectometer, hm»0.001 kilometer, km. 
I m^«r' ra-39.37 inches, U. S. Standard-* 39.370113 inches, British standard. 
I mUHm«ter. mm— 1000 ;]^crons, m- 0.03937 inch=-> 39.37 miiis. 



M«tM9, 


Inches, 
in. 


' r ' 


Yard, 

yd. 


Rods, 

r. 


Chains, 
ch. 


Mfle8,U.S. 


Kflo- 

meters, 

km. 


m. 


Statute. 


Nautical 


I 
IV(13»40 

tV 1^1440 

vVttiuai 

UHM) 


39.37 
1 

12 

36 

198 

792 

63360 

72962.5 

39370 


3.28083 

0.08333 

1 

3 

16.5 

66 

6280 

608a 20 

3280.83 


1.09361 

0. 02778 

0.33333 

1 

5.5 

22 

1760 

2026.73 

1093.61 


0.19884 
0. 15061 
0.06061 
0. 18182 
1 
4 

320 
368.497 
198.838 


0.04971 
0.21263 
0.01516 
a 04546 
a25 
1 

80 
92.1243 
49.7096 


0.«6214 
a J1578 
0.|1894 
0.«5682 
0. 33125 
0.01250 

1 
1. 15165 
0. 62137 


0.S5396 
a J1371 
0.S1645 
a 34934 
0. 22714 
0.01085 
0.86839 

1 
0.53959 


a 001 
as2540 
0.23048 
a 29144 
0.35029 
0.02012 
1.60935 
L 85326 
1 



\ \ lii^l I' , S. - 1 ,iH HKHi^'y yarris ! i' Itish. 1 yard British^ 0.9999971 yard TJ. S. 
I i*ksni u» I i n n 1 **r 's= J 00 1 iuk?^ . I I ink— 7.92 inches. 
I i%*^#WifUK L- S.= l20fiUhc»[[LS=»960spans«720feet= 219.457 meters, 
i W^uv^, r, S.— 3 stutiJt^ msl^^ - 24 furlongs, 

I l4%k^ivakii]iil goo^phlcDl nii|(«- > ° at equator— 7422 m— 4.6U808 U. S. statute milas. 
I liilwuftM^^iial ndiitictil niile= ,-,. * at meridian— 1852 m— 0.99982D U. S. nautical miles. 
iV ^. ntw It l(?it1 ml lti= aV " r ^ i r^: i e inference of sphere whose surface equals that of the earth— 6060.27 feet- 
ti\4W ftlntutti mlle^ iSTi^J.^T i]]+ virs. 
] liitUnh nmiticnl rnilet-«nfi!f^rnj is5et-1.16152 statute miles- 1853.19 meters. 

SURFACES AND AREAS. 



y *«, u\0ter, m*— lOO sq. decimeters, dm«— 10000 sq. centimeters, cm,* 
i '**,\. meter, ra«— 0.01 are, a— 0.0001 hectare, ha. 
i w\. uUUimeter, mm»-O.Ol cma-0.00166 sq. inch- 1217.36 circ. mils, 
i at^, ^-^ 1 sq. decameter, dkm— 0.0247104 acre. 



Square 
tueteni, 


Square 

inches, 

sq.in. 


Square 
feet, 
sq.ft. 


Square 
yards, 
sq. yd. 


Square 
rods, 
sq.r. 


Acres, 
A. 


Hectares, 
ha. 


Square 
mUes, 
statute. 


Square 

meters, 
km*. 


I 
a 26462 
0.00200 
(K S3(U8 

41^6.87 

UMKX) 

2aH9999 

iUUOOOO 


165a 00 
1 

144 

1296 

39204 

6272640 

15499969 


10.7639 
a 36944 

9 
272.25 
43560 
107639 

27878400 
10763867 


1.19599 
a 27716 
a 11111 

1 

3a 25 

4840 

11959. 9 

3097600 

1195985 


a03954 

1 

160 

396.366 

102400 

39636.6 


a 22471 
a 21594 
a 22296 
022066 
a00625 

2.47104 

640 
247.104 


a 00001 
as0462 
a 29290 
aj8361 
a 32629 

a404e9 

1 

269.000 
100 


aj3861 
a 22491 
a 33587 
a 23228 
a 20786 
a 21663 
a 33861 

a 38610 


a 21 
a 26462 
a2920O 
a 28361 
a 22620 
a 24047 

a 01 

2.69000 

1 



I aq. rod. sq. pole, or sq. perch— 625 sq. links— y^iy acre. 

I j*q. chain, Ounter's— 16 sq. rods— iV acre. 

1 t^ore- 4 sq. roods— 160 sq. rods. Square of 1 acre— 208.7103 feet square. 

Notations 3, 2, 2f etc., indicate that the |, l, t, etc., are to be replaced by 2, 3, 4, etc., ciphers. 

U\umple: 1 sq. rod- 0.29766- 0.000009766 sq. miles. 
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EquivalenU of meaxwrt. 
VOLUME AND CAPACITY. 

1 ca. meter, m*— 1,000 cu. decimeter, dm'— 1,000.000 cu. centimeters, cm^ 

1 liter, 1» 10 deciliters, dl— 100 centiliters, cl— 1,000 mUlfliters, ml- 1,000 cu. centimeters, cm<). or oc. 

1 liter, l-O.l decaliter, dkl-0.01 hectoliter, hl-l cu. decimeter, dm*. 



Cubic 

deci- 

meter, 

dm*,l. 








U. S. quarts. 


U. S. gaUons. 




Cubic 
inches. 


Cubic 
feet, 


Cubic 
yards, 










U.S. 
bushels. 










cu. in. 


cu.ft. 


cu. yd. 


Liquid, 
1. qt. 


Dry, 
d.qt. 


LiqiUd, 
l.gal. 


^\. 


bu. 


1 


61.0234 


0.03531 


0.51308 


L 05668 


0.90808 


0.26417 


0.22702 


0.02838 


0.01639 


1 


0.55787 


0. S2143 
0.08704 


0.01732 


0.01488 


0.54329 


0.53720 


0.54650 
0.80356 


28.3170 


1T28 


1 


29.0221 


25.7140 


7.48066 


6.42861 


764.559 


46656 


27 


1 


807.896 


694.279 


201.974 


173.670 


21.6062 


0.94636 


57.76 


0.03342 


0. 1238 


1 


0.85037 


0.26 


0.21484 


0.02686 


1.10123 


67.2006 


0.03880 


0. 1440 


1.16365 


1 


0.29001 


0.25 


0.03125 


3.78543 


231 


0.13368 


0. 4951 


4 


3.43747 


1 


0.85937 


0.10742 


4.40492 


268.803 


0.15556 


0. 5761 
0.04609 


4.65460 


4 


1.16365 


1 


0.125 


35.2393 


2150.42 


1.24446 


37.2368 


32 


9.30920 


8 


1 



2 quarts— 64 pints. 

32 gfll»- 128 fluid ounces. 

, Qe.iS— 8 6. drams, f5— 480 minims, ni- 29.574 cu.cm>. 

British Imperial gallon dry and liquid measure- 1.03202 U. S. dry gal.- 1.20091 U. S. liquid gal. 

British Imperial gallon- 277.410 cu. in.- 4645.9631 cm*. 

Weight of water at maximtmi density, 4* C, 45* lat.. and sea level. 

1 cu. ft.- 62.4283 lbs. av.- 28.3170 kg. 1 cu. in.- 0.57804 ok. av.- 16.3872 g. 

1 gal., U. S. liquid- 8.34545 lbs.- 3.78543 kg. 

1 gal., British Imperial- 10.0221 lbs.- 4.64M631 kg. 



MASSES AND WEIGHTS. 

1 gram, g— 10 decigrams, dg— 100 centigrams, eg— 1,000 milligrams, mg. 
1 gram, g— 0.1 decagram, dkg— 0.01 hectogram, hg-0.001 kilogram, kg. 

1 idloeram, kg-1 cu. decimeter of water or liter, 4" C, 45* lat., and sea level- 15432.35639 grains, U. S. 
and British standard. 



Kflo- 
g«ms, 


Grains, 
gr. 


Ounces. 


Pounds. 


Tons. 


Troy, 1 Avoir., 
oz. t. 1 02. av. 


in: 


Avoir., 
lb. av. 


Net, 

short, 

2,000 lbs. 


Gross, 
2,2Sof(>8. 


Metric, 
1,000 kg. 


1 
0.56480 
0.03110 
0.02835 
0.37324 
0.45350 
907.185 
1016.05 
1000 


15432.4 
1 

480 

437.5 

5760 

7000 
14000000 
15680000 
16432356 


82.1507 
0.52083 

0.91146 

12 
14.5833 
29166.7 
32666.7 
32150.7 


35.2740 
0.52286 
1,09714 

1 
13. 1657 

16 
32000 
35840 
35274.0 


2.67923 
0.51736 
0.08333 
0.07505 

1 
1. 21528 
2430.56 
2722.22 
2679.23 


2.20462 

0.51429 

0.06857 

0.06250 

0.82286 

1 

2000 

2240 

2204.62 


0. 11102 
0.57143 
0.53429 
0.53125 
0.51114 
0.00050 
1 
1.12 
1. 10231 


0.59842 
0.56378 
0.53061 
0-52790 
0. 58674 
0. |4464 

1 
0.98421 


0.001 
0. 56480 
0. 53110 
0.52835 

o!|4636 
0.90719 
1.01605 

1 



1 ounce avoir.— 16 drams, avoir. 1 ounce troy— 20 pennyweight, dwt. 
1 ounce apoth.. 5""^ drams, 5—24 scrulpes, 3—480 grams, gr— 31.1036 s. 
1 hundredweight^ 1/20 long ton— 4 quarters— 8 stone— 112 lbs.— 60.8^ Kg. 
Notations \. 5, 5, etc., indicate that the 5, 5, 5, etc., are to be replaced by 2, 
Example: 1 grain- 052083- 0.002083 oz. t. 1 grain- 0.56480- 0.00006480 kg. 



, 4, etc., cipben. 
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Eqaivalents of measure. 

FORCES OR WEIGHTS PER UNITS OF LENGTH, LINEAR WEIGHTS. 

1 dyne per centimeter^ 0.00101979 g/cm = 0.000183719 poundal/in. 
1 gram per centimeter= 980.5966 dynes/cm-= 0. 180164 poundal/in . 
1 poundal per inch = 5443.11 dynes/cm= 5.55081 g/cm= 0.0310832 pound^. 



Grams 










Kilo. 


Net tons, 

2,000 
pounds, 
per mile. 


Gross 


Metric 


per 


Grains 


Pounds 


Pounds 


Pounds 


grams 


tons, 
2,240 


tons. 


centi- 


per inch. 


per inch. 


per foot, 


per yard, 


per 


1.000 kg. 


meter, 


gr./in. 


Ib./in. 


lb./(t. 


Ib./yd. 


meter. 


poimds. 


per kilo- 


g/cm. 










kg/n. 


per mile. 


meter. 


1 


39.1983 


0.35600 


0.06720 


0.20159 


0.10 


0.17740 


0.15839 


0.10 


0.02551 


1 


0.^1429 


0. gl714 


0.25143 


0.12551 


0. 24526 


0. 14041 


0. J2551 


178.579 


7000 


1 


12 


36 


17.8579 


31.6800 


28.2857 


17.8579 


14.8816 


583.333 


0.08333 


1 


3 


1.48816 


2.64000 


2.35714 


1.48816 


4.96054 


194.444 


0.02778 


0.33333 


1 


0.49005 


0.88000 


0.78571 


0.49605 


10 


391.983 


0.05600 


0.67197 


2.01591 


1 


1.77400 


1.58393 


1 


5.63698 


220.960 


0.03157 


0.37879 


1.13636 


0.56370 


1 


0.89286 


0.56370 


6.31342 


247.475 


0.03535 


0.42424 


1.27273 


0.63134 


1.12 


1 


0.63134 


10 


391.983 


0.05600 


0.67197 


2.01591 


1 


1.77400 


1.58393 


1 



FORCES OR WEIGHTS PER UNITS OF AREA. PRESSURE. 



1 dyne per sq. centimeter- 0.00101979 g/cm* - 0.000466646 poundals/in« 
1 gram per sq. centimeter =980.5966 dynes/cm«= 0.457592 poundals/in' 
1 poundal per sq . inch - 2142.95 dynes/cm^-* 2.18536 g/cm«=- 0.0310832 j 



pound/ln«. 



Kilo, 
grams 

per 
square 

centi- 
meter, 
kg/cm.3 


Pounds 

per 

square 

inch, 

lb./in.». 


Pounds 

per 
square 

foot, 
lb./ft.». 


Net tons, 

2,000 
pounds 

per 
square 

foot. 


Atmos- 
pheres, 
standard, 
760 mm. 


Columns of mercury, 
Hg. 13.59593 sp. g." 


Columns of water, 
max. density 4" C. 


MUli. 
meters. 


Inches. 


Meters. Feet. 


1 
0.07031 
0.S4882 
0.97648 
1.03329 
0.81360 
0. 03453 

0.10 
0.03048 


14.2234 

1 
0.26044 
13.8889 
14.6060 
0.01934 
0.49119 
1.42234 
0.43353 


2048.17 

144 
1 

2000 
2116.35 
2.78468 
70. 7310 
204.817 
62.4283 


1.02408 
0.07200 
0.00050 

1 
1.05818 
1. 21392 
0.03537 
0.10241 
0.03121 


0.96778 
0.06804 
0. 24725 
0.94502 

1 
0.21316 
0.03342 
0.09678 
0.02950 


735.514 
51.7116 
0.35911 
718.216 
760 
1 
25.4001 
73.5514 
22.4185 


28.9572 
2.03588 
0.01414 
28.2762 
29.9212 
0.03937 

1 
2.89572 
0.88262 


10 
0.70307 
0.24882 
9.76482 
10.3329 
0.01360 
0.34534 

1 
0.30480 


32.8083 
2.30665 
0.01602 
32.0367 
33.9006 
0.04461 
1.13299 
3.28083 
1 



FORCES OR WEIGHTS PER UNITS OF VOLUME, DENSITY. 

1 dyne per cu. centimeter— 0.00101979 gram/cms -0.00118528 poundalsAn*. 
1 gram per cu. centimeter- 980.5966 dynes/cm« — 1.162283 poundals/in«. 
1 poundal per cu. incl; - 843.683 dynes/cm« - 0.860378 g/cm»- 0.0310832 pound/in*. 



Grams 
per 
cubic 
centi- 
meter, 
g/cm3. 


Pounds 

per 

cubic 

inch, 

lb./in.». 


Pounds 

per 

cubic 

foot, 

lb./ft.«. 


Pounds 

per 

cuWc 

ll^."d'.«. 


Kilo, 
grams 

per 
cubic 
meter, 
kg/m». 


Pounds 

per 
biishel, 

U.S. 


Pounds 

g^, 
dry. 

U.U 


Pounds 


KUo. 
grams 

per 
hecto. 
Uter. 
kg/hf. 


1 
27.6797 
0.01602 
0-^^033 
O.Wl 

0.10207 
0.11^83 

am 


0.03613 

1 
0.25787 
0. 22143 
0.J3613 
0.24650 
0.23720 
0. 24329 
0.23613 


62.4283 
1728 
1 
0.03704 
0.06243 
0.80356 
6.42851 
7.48052 
0.62428 


1685.56 
46656 
27 
1 
1.68556 
21.0962 
173.570 
201.974 
16.8557 


1000 
27679.7 
16.0184 
0.59327 

1 

12.8718 

102.974 

119.826 

10 


77.6893 
2150.42 
1.24446 
0.04609 
0.07760 

1 

8 
9.30920 
0.77680 


9.71116 
268.803 
0.15556 
0.15762 
0. 29711 
0.125 

1 
1.16365 
0.09711 


8.34545 

231 
0.13368 
0. 24951 
0.28346 
0.10742 
0.85837 

1 
0.08345 


100 
2767.97 
1.60184 
0.05933 

0.10 

1.28718 

10.2974 

11.9826 

1 



2«otallaD£ ;. 2f $» etc., indicate that the 2> Si o« etc., are to be replaced by 2, 3, 4, etc., ciphers. 
EuZQfile; 1 kg/m«-0.t3613-0.00003613 Ib./ini. 
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Equivalents of measure. 
ENERGY, WORK, HEAT. 

1 dyne-oentimeter-1 erg— 0.00101979 gram-centimeter— 0.8737612 foot-poimd. 
1 CTam-centtmeter— 980.5966 ergs— 0.8 7233 foot-pound. 
1 foot-pound— 13557300 ergs— 13825.6 gram-oentbneters. 



KUogram- 
meters, 
kg-m. 


Foot- 
pounds, 

ft.-lb8. 


Horsepower-hour. 


Ponoelet- 
hours, 
100 
kg-m-h. 


Kilowatt- 
hours, 
kw-h. 


Joules, 
lOTergs, 


Thermal units. 


U.S., 
h. p.-b. 


Metric, 
75kg-m-h. 


B.T.U., 
b.t.u. 


Calorie, 
kgH2al. 


1 
0.13826 
273745 
270000 
360000 
367123 
0.10198 
107.577 
426.900 


7.23300 

1 
1980000 
1962910 
2603880 
2655403 
a 73761 
778.104 
3087.77 


0.83653 
0.85051 

0.98632 
1.31509 
1.34111 
0.33725 
0. 13930 
0.81559 


0. 83704 
0.85121 
1.01387 

1 
1.33333 
1.35972 
0.83777 
0.83984 
a 81581 


O.o2778 
a^3840 
a76040 
a 76 
1 
1.01979 
a 82833 
0.82988 
0.81186 


0.82724 
a 23766 
0.74565 
a73546 
a98060 

1 
0.82778 
0.82930 
0. 81163 


9.80597 
1.35573 
2684340 
2647610 
3530147 
3600000 

1 
1054.90 
4186.17 


a 89296 
0-81285 
2544.65 
2509.83 
3346.44 
3412.66 
0.89480 

3.96832 


0.82342 
0. 3239 
64 .240 
632-467 
843.289 
869- 975 
0-82389 
a 25200 
1 



POWER, RATE OF ENERGY AND HEAT. 

1 erg per sec.— 1 dyne-cm/sec.— 0.00101979 gram-cm/seo.— 0.8737612 foot-pounds/sec. 
1 gram-centimeter per second— 980.5966 ergs/sec.— 0.87238 foot-pounds/sec. 
1 foot-pound per second— 13557300 ergs/sec.— 13825-5 gram-cm/sec- 



Kilogram- 
meters 

per 
second, 
kgwm/s. 


Foot- 
pounds 

per 
second, 
ft.-Ibs./s. 


Horsepower- 


Poncelet. 

100 
kg-m/s- 


Kilowatt, 
kw. 


Watts, 


Thermal units 
per sec. 


U.S.,660 


Metric, 
75kg-m/5- 


B. T. U. 
btu/^. 


Calorie, 
kg-caVs. 


• 1 
0.13826 
76.0404 
76 
100 
101.979 
a 10198 
107.677 
426.900 


7.23300 
1 
650 
642-476 
723.300 
737.612 
0.73761 
778.104 
3087.77 


0.01316 
0.81818 

0.08632 
1.31509 
1.34111 
0. 81341 
1-41474 
6.61412 


0.01333 
0.81843 
1.01387 

1 
1.33333 
1.35972 
0.81360 
1.43436 
6.60200 


0.01 
0.81383 
0.76040 

a76 
1 
1.01979 
a 81020 
1.07577 
4.26900 


0.89806 
0.81356 
0.74565 
0.73546 
a98060 
1 
0.001. 
1.05490 
4.18617 


9.80597 
1.35573 
745.650 
735.448 
98a 597 
1000 
1 
1054.90 
4186.17 


0. 89296 
0-81285 
0.70685 
0.69718 
0.92967 
a 94796 
0.89480 

3.96832 


PPPPPPPP 



VELOCITIES AND ACCELERATIONS. 

1 Idne- 1 centimeter per second— 0.0328083 foot per second. 

1 radian per second— 57.2958 degrees per sec.— 0-159155 revolutions per sec. 

1 gravity— 980.5966 centimeters per sec. per sec.— 32.1717 feet per sec. per sec. 



Meters 

second, 
nV^. 


Feet per 

second, 

ft./&.' 


Miles 

per hour, 

M/h. 


Knots 
perhoar. 


Kilo- 
meters 
hour, 
km/h. 


Meter 
per 

sec/sec, 
m/s«. 


Feet per 
sec/sec 
ft./s«. 


Miles 

per 

hour/sec, 


KUo- 

meter per 

hour/sec, 

km/h-s. 


1 
0.30480 
a 44704 
a 61479 
0.27778 


3.28083 

1 
1.46667 
1.68894 
a 91134 


2.23693 
a 68182 

1 
L 15156 
0.62137 


1.94264 
a 59209 
a86839 

1 
0.63959 


3.6 
1.09728 
1.60935 
L 85325 

1 


1 

0.30480 
0.44704 
0.27778 


3.28083 

1 
1.46667 
0-91134 


2.23693 
a 68182 

1 
0.62137 


3.6 

1.09728 

1.60936 

1 



Notations 8, t, t, etc.. indicate that the f , I, 8, etc., are to be replaced by 2, 3, 4, etc., ciphers. 
Example: 1 calorie— 0.81163— 0.001163 kilowatt-hours. 

O 
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